Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




^ 



S^^^ssm^ 






*. 

^-C" 






itWiaS:dBrT,-^^^^M 



W^ . 



SS 

/7y 



i-> 




f«t' 



BOOKS printed. for J. Walt hoe. 

TH E H I 6 T o R y of the W o R L D. In five Books. By 
Sir Walter Rale oh, Knt. The Eleventh Edition^ 
printed from a Copy revised by himfelf. To which is added. The 
L I F E of the Author, by Mr O l p y s. Alfo his T r i a l ; and a 
new and more copious I n b e x. Folio, z Vols. 

A New Method of Improving Cold, Wet, and Barren 
Lands, particularly Clayey Grounds. 

Illuftrated nxUb Eight Coffer Plates^ exhibiting the Figures of the /«- 
ftruments mcejfaryfor fuch Improvements, Price fewed zs. 6d, 

Phoenix Britannicvs. Being a Mifcellaneous Colleflton 
of above 70 Scarce and Curious Tracts, Hiftoricaly Political^ Bio^ 
graphical^ Satirical, Critical, &c. which are no where to be found but 
in the Clofcts of the Curious. Interfperfed with fome choice Original 
Manufcripts. 

Mr WooD*s Survey of Trade; with Confiderations on 
our Money and Bullion. The Second Edition, Price 5 /. 

The National Merchant; or, Difcourfes on Com- 
merce and Colonies : Being an Eflay for regulating and improving 
the Trade and Plantations of Great- Britain. By Mr B £ n n e t. 
Price 2 /. ' 

A General Treatife of Naval Trade and Commerce, 

as founded on the Laws and Statutes of this Realm : In which thofe 

relating to Letters of Marque, Reprifals, and of Reftitution, Privateers, 

Prizes, Convoys, Cruifers, and every other Branch of Trade Foreign 

and DomeHic, are particularly confidered ; likewife the Opinions of 

the moft eminent Counfel upon various important Points, relating to 

Cufloms and' EngUJb Ships, Prizes, and other Articles of Mercantile 

Bufinefs. In Two Volumes. 

> 

The Life ofSETHos. Written by the Abbot Terajfon^ one 
of the Members of the French Academy, as alfo of the Royal Academy 
of Sciences at Paris. Tranflated from the French by Mr Lediard. 
2 Vols. 8vo. 

By Order of the Lord-Keeper of the Seals, I have read a Manufcript, 
intitledf The Life of S E T H o s : This Work, luhich contains eX' 
cellent Lejfons of the mojl refined Morality y and is full of f olid and the 
mofi extetifive Learftingy can^t fail of being equally infirudive and^ 
entertaining. 

Lancelot. 

T. Lucretius Carus of the Nature of Things. Tranflated into En- 
glijh Verfe by T h o. C r e e c h, M. A. The Sixth Edition, illu- 
ii rated with Notes, making a compliat Syftcm of the Epicurean Phi- 
lofophy, 2 Vols, 8vo. Price 10/. 



THE 



ELEMENTS 



O F 



ALGEBRA 



I N A 



New and Eafy Method, 



W I TH THEIR 



USE and APPLICATION, 

I N T H E 

Solution of a great Variety of Arithmetical and 
Geometrical Qjjestionsj 

By general and univerfal Rules. 

To which 18 prefixed an 

INTRODUCTION, 

CONTAINING 

A SuccinA History of this S c i e n c e.' 

W I M ■ ■■ ■ I. I llllli.ll. II M I L II I !■■■■ I I ,a 

-Py Mr NATHANIEL HAMMOND, 

«/ the BAN \ 

LONDON: 

Printed for J.Walthoe, over-againft the Royal^^ 

Exchange in Combill. 1742. 




( ' 



I > 



■.^ ^ . t 



: k 




Ix^^f 



THE 



PR E F A C E. 




SHE Plan of the fbllowiDg Work wu 
; drawn up ^r the Ufe of a few private 
[ Friends J itisnow.enlargedbyincreafing 
; the Number of Examples, and making 
' the Rules and DirefUons more co[noas } 
but whether it will prove as generally £ucce&fu}, 
in conveying the Knowledge of this moil uiefid 
Science, as it was beneficial to my Friends^ Ex- 
perience muft declare. 

' It might be ccnft^ed as Vanity, ihcHild I draw a 
Parallel between this Work, in Regard to itV Ufe* 
fiiUnefi for B^inners, and what feveral learned 
Gentlejnea have pubJjihed on this Subjetft : Bat 
when It was determined it fhould appear in Pub- 
lick,- I principally Hudicd, to make^ it as uleful as 
pdBble to the PubHck Schools, and at the iaine 
Time to provide that Pcrfons, by their own Ap* 
plication, might without further help, acquire a 
confiderablc Knowledge in tbo^ Elements of .^ 

* There 
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There are two Things abfolutely neceflkry, ' to 
make the Acquifition of any Science as eafy as;it's 
Nature will admit. That is, the Difpoution of 
the Work, fo that the Rules be clear and diftindt ; 
and then the illuftration of thefe Riiles by a fuf- 
ficient Numbler of proper and pertinent Examples. 
And tho' the excellent Elements of the judicious 
EycLiD are of a dlffefcn feature, yet in this I 
have induftrioufly fludied to imitate him, that I 
propofe no new Rule or Article in this Art of 
Itpefiigatdon^ till ifv become necrffary to-' carry ^hc 
i|Li€|^|ncr tp a further Pegree. of Knowled^ge^ 

*^ence may be compared to a Tiighly finifhed 
Pile of Building, all the Parts of which being dil^ 
pofed in the mpft exaft Synjmetry^ they^uuft ^d3^ 
our Perocption,-aiidgratify\ our internal Seaf^tioti 
with a; more fexquifite Pleafufie/l'^h^n if Viewed; in ? 
fepirate Static For in fuch a\State, to all biij th^ 
Ltained, they weuld apjpear'Bjb^en 'anjj Wpon- 
jic^d Materifefe' of a mighty Svii^ure, vvhjch the 
lUfnd wa^ntlftg -Pduter to conceiye^ douM; tti^dy^m 
SaHifaaion ' in iheiContempktipn ^ of fuch-^i ' Tf afft 
of ^Imperfea:^ abd cknifofcd Ideas; But, whc'iitBos 
exhibited in their true Propprtrgn^, it wilf be eaiy, 
even for tHfe yodng^Hft Scholar, toi^aih a pef(e£l No-, 
tiba^of eachj^-an'd,' asf he ad\'aiicer,' a grad^aUCbittr 
prehenfion of -the^feeauty -refulting frciip theit.Co 
neaion, andhbW^' they mutqairjr 'uiTift W2 ^ffl^^^ 
menteachoto.i>^'-^ V'^; .:.; '/*;v/ 

: In' teaching t^e-abftra^Scicricies;'Eiam^^^ hiVe 
a ftcbng as v<^e!ras natural Tendency to illbftrale" thft 
Precepts concerning our abftradt Keafonin^S, :efjie- 
dally . in. this Science of InveJiigd(ion : |n 't;he Synfhe-' 
/irJWlethod, of Method by Demoiiftration, one;E^- 
aipple or Pfopofition Is fufficient, for a Numbfer of 
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the /am6 Propafiti6fts. is only a Repetiilon of the 
:&me fijcceflive Train of Ideas; whcrea?, in the 
lAfi^fyfJc /Method, or Method hy'Inveftigat\on^ th? * 
feme Condufion is gained, tho' there may be a great 
Variety in the Conqe^^ion of the Reafoning, by the 
4jfipfenl!Difpofitioi>..pf the Ideas, notwithftanding 
they are diredtcd by the fame general Riile. 
.r And aSthe.pritKripal Difficulty in this Science, 
is acqt^iftng ,the .KnQWjedge of folving of C^ae- 
ilions, ,1 feaye gisen > great Variety of thefc 
in refbecft to Number^; and Geometry, and their 
ISoJution^ I chofe .to give in the mpft particular, 
diftw<5, and plain .Manner 5 and for which the 
Readeir i will, find full and explicit Diredions. As 
it is/prepofterous, and abfurd, to exped a Perfon 
to be a Critic in any Language as. foon as he has 
pailed thro' bis Grammar 5 fo, I cannot help thinking 
It wrong to cxpedl a Learner ftiouW fee the Reafon 
of particular elegant Methods of Solution, before he 
has pradifed a general and univerfal Method ; but 
after the general Rules are become eafy and familiar 
the Learner may then apply himfclf to the parti- 
cular Methods. And I know of no Work, that 
has illuftrated and exemplified the general and uni- 
verfal Rules- in fo -copious a Mannej as will be 
found in the following Sheets. 

In the Arithmetical Operation*, the Decimal 
Fradtions are continued to two Places only, thefe 
being fufficient to Ihew the Reader, that if the Que- 
ftion admits not of an exa(5t Ahfwer, he is yet near 
the Truth, and may profecute the Anfwer to any 
required Degree of Exadtnefs. I have avoided all 
tedious Numerical Calculations, as they have no 
T^nxlency to increafe the Learner's Knowledge in 

Algibt-al 

The 
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The Rules of VuW Fraftiont in AJgebra ore 
omitted, being generally very perplexing to Leamen, 
bat as I have given fufficient Diret^oni how they 
■re managed whenever they occor in the Solatioa 
<^ a Queftion, the Reader will find no Difficulty 
in redudng an Equation with Fractional Quan- 
tities. 

It is neoflary my Reader (hoald onderAand Vul. 
gat Fradions in <:ommon Arithmetick, and the Ex- 
tradion of the Squuc Root, and then I know no 
Reaibn why a Peribn, who has a few vacant Hours^ 
may not toakt hinufetf a perfcd Mafter cS the 
following Work, excepting the Geometrical Que- 
ftions, whic& ho may qnut, and. proceed to thoie 
wluch require no ikiU in Geometry, for through the 
whole, where it was aeoelSuy, I have given tho 
iame Directions, tis if I Was adoally teaching a 
Scholar. 
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iS all Arts haVe their ^^inning, rude and 
1 weak, and reach Perfe&ion by Degrees, fb 
; that, which is the Subjeft oi the following 
j Sheets, has been cultivated by fo many illu- 
■ ftrious Men in our own, as well as in foreign 
Nations, that it cannot but appear a natural Introdu£tioii 
to this Treatife, if we digeft the Hiftory of it's Rife and 
Frogrefs into a fuorindt Difcourfe ; the rather becaufe 
Books of this fort are now become very numerous in 
ours, as well as in other Languages, arid therefore, it is 
the more ncccflary to record the Names of fuch as have 
eminendy improved fo ufeful a Branch of Knowledge. 

The "Word Algebra is certainly derived from the Ara' 
hie, but there have ,been fome Miftakes as to it's Mean- 
ing. When it was firft introduced in Europst it was un- 
derftood to be the Invention of the &mous Philofophei? 
Geier j aiid therefore Michael Stifelius calls it fometimes 
Regula Algebra, and fometimes Regula Gebri, whence ic 
is plain he underftood by it no more than the Ruls of 
Geber, or as we ufually exprcfs it Geber'& Rule. But, ■ 
when we became better acquainted with Arabic Learning, 
this Derivation appeared ill founded : In that I.AngUi^^ 
b cbis 
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this Art is called Al-gjahr W^aUmokabala^ which is li- 
terally, the Art of Rcfolution and Equation. Hence it 
is plain, we had the Word Algebra from the Arabic 
Name of the Art, and not from the pretended Inventor. 
But k may not be amifs to obferve, that the Arabic Name 
contains a Definition, or is rather an emphatic Decla- 
ration of the Nature and End of this Science -, for the 
Arabic Verb jdbara fignifies to refer, and is properly 
ufed in refpeft to Diflocadonfl, and the Verb bdbala, im- 
plies oppofing, or comparing ; and how applicable this is 
to what we call Algebra, the Reader, when he is 
thoroughly acquainted with this Book, will eafily under- 
ftand. As it became better known to the Eurefems^ k 
jtceived different Name» ; the Itaiians ftiledit Ars magna^ 
in their own Language I* Arte Magjore^ oppofing to it 
common Arithmetick, as the leffer or minor Art. ' It was- 
alfo called Regula Cofa^ the Rule of Cofs^ for an odd 
Itcafon : The Italians make Ufe of the Word Cofa^ to 
lignify what we call the Rcot,^ and from thence, this kind 
<M lieaining being derived to us from diem, the Root, 
the Square, and the Cube, wens called Coffick Numbers, 
and this Science the Ride of Cofu I fhould not have 
dwelt fo long on fo dry a Subjedi, but that it is abfolute- 
ly i^ceilary for the Underftanding what follows. 

It is- a Foint fiill difpiited^ whether the Invention of 
Algebra ought to be Scribed to the Oriental Philofb- 
phdrs, or to the Gr^^^j ; but it is a thing certain, that 
we received it from the Mocnrs^ who had it from the A- 
rabians, who own thcmfelves indebted for it to the Per- 
Jiam and Indians $ and yet, which is ftrange enough, the 
Pcrjmns refer the Invention tt> the Greeks^ and particu- 
krly to ArifttnU. Yet, notwithftanding this, it muft be 
dllowed that the Algebra taught us by the Arabians dif- 
fcita very much from that contained in the Works of 
J^i6pimtusj the ejdeft Greek Author on this Art, which 
k now extant, and which was difcovered and puWifhed 
l[5ng after the Algebi-a taught by the Arabians had been 
ftudied and improved in the Weft. But all thcfe Dif- 
ficultfe^y -which iave given fome great M'en fo Aiueh 
^- -• Trouble, 
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Trouble, may be eafiljr farnaount^d^ if we fuppofe that 
the Invention was origiisally taken from the Greeks^ and 
new modelled by the Arabians^ in the facne Manner as 
we know that common Arithmetick was ; for this, which 
is at leaft ex^amly probable, makes the whole plain and 
cktr, and leaves us at liberty txy purfue the Progrcis of 
this Art from the firft printod Treatiies about it. 

Lucas Pacioltts a Franci&an Friar, commonly known 
by the Name of Lucas de Burgo SanUi Sepukbri^ publifh- 
cd at Venice^ under the Tide rf, A CampUai Treaiife of 
Aritbrneiick and Geometry ^ Proportions and Equations ^ the 
firft Book at prefent extant on this Subje£t. It was printed 
& early as 14.94, and is a very correft Treatifc : He af- 
cribes the Invention of Algebra to the An^ans^ ufes 
their Method, and trestes very clearly of <^adratick 
Equations. After htm, feveral Authors wrote on the 
fame Subjed tn Italy^ and in Gernusny \ but ftill the Art 
advanced litde till dbe famous Jerom Cardan primed, at 
Nuremberg in 1 545 in Folio, a Treatife with this Tide, 
Ariis magna^ five de ReguUs Algebraicis Liber unus ; and 
fooo after a fixialler Piece, wi& the Title of Sermo de 
Plus fcf Mf»icr, wherein were contained Rules for itfolv- 
ing Cdbick Equations, which haevt fince been called Car- 
danh Rules, tlMxigh they were imK invented by him, but, 
as himfelf owns, by &ctpio Femem of Bononia^ and ?Wr- 
taka. The next cekbiated Writer was a French Monk» 
wlK>ie Name was Boieon^ better Jcnown to the learped by 
.his Latin Appellatk)n q{ Buteo^ jiejpubliihed in 1559 his 
Logiftica^ in which diere was a Treatife of Algebra which 
gained him great Reputation : Yet his Excellency lay in 
a dear and copious Manner of Writing, nor does it ap- 
pear that he added any thing to wliat had been ak^ady 
difcovered, except fon^e Corre£Uons as to Tartakah M<^ 
thod of managing Cubkk Equations, 

Hitherto nothing was known in Europe of the Creek 
AnalyGs, but in 1575 Xilander publiihed Diopbantus^ or 
at leaft a part of his Works, whidi are ftill remaining } 
zx\A this quickly changed the Face of Things, for it pre-*^ 
iendy appeared chat hn was a xkmbc and more eafy Me**^ 

b ^ tbod^ 
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thod, and withal opened a Path to much greater Di(co- 
veries, which was the Reafon that fucceeding Algebraifts 
guittcd the Terms made Ufe of by Arabic Writers, and 
followed his. The Time in which Biapbantus flouriihed 
is not thoroughly fettled. Vqffius thinks he lived in the 
fecond Cbntury, but others place him in the fourth. 
His Works were known to the Arabians^ and tranflated 
by them ; nay, it is faid, that they have flill thofe feven 
Books of his Arithmetick which are loft to us. The 
Famous Arabian Hiftorian Abid-Pbaraijus^ whofe Works 
were publifhed by the learned Pocock^ not only mentions 
him, but afcribes to him the Invention of Algebra; but 
in this he is to be underftood, as writing according to 
the Lights he had *, for tho'' it be true, that Diapbantus 
Alexandrinus is the oldeft Author we have which treats 
cxprefsly of the Anafytick Art^ yet the Footfteps thereof 
are vifible in much older Writers. Tbeo^ who is thought 
to have explained the five firft Propofitions of the Thir- 
teenth Book of Euclid in the Analytick Way, gives the 
Honour of this Invention to Plato \ and indeed, it feems 
very agreeable to his Genius, and Method of Reafoning 
on Mathematical Subje&s. By the Jundion of both 
Lights, and a proper Conneftion. of the Arabic Method 
of Inveftigation with the Greek Terms, which were fhorter 
and eafier. Algebra quickly became a much more ufeful, 
as well as confiderable Science than it was before. 

In .our own Country, the firft Writer upon Algebra 
that we know of was Dr Robert Record a Phyfician, 
who diftinguilhed himfelf in the Reign of Queen Mary^ 
by his Skill in the Mathematicks. He firft publiihed a 
Treatife of Arithmetick, which continued the Standard 
in that Branch of Knowledge for many Years, and in 
1557, he fent abroad a fecoiid Part, under the Title of 
Cos Ingeniiy or the Wbetftone of fFit^ which is a Treatife 
of Algebra ; the Word Cos alluding to Cojick Numbers, 
or the Rule of Cofi, by which Name, as we have before 
fliewn, this Art was known abroad. This Treatife is 
really a great Curiofity, confidering the Time in which 
it was publifhed, and together with his other 'NYorks^ 

muft 
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inuft givt us a high Idea of this Man's Induftry and Ap- 
plication, whofe Memory notwithftaiiding is almoft buried 
m Oblivion. But, notwithftanding the early Publication 
of this Piece, and that fome Englijh Gentlemen had in 
their Travels acquired fomc Knowledge of this Kind, as 
appears by a Spanijb Treatile of Algebra, publifhed by 
Pedro Nunnez in 1567, yet it continued to be fo little 
cultivated in England^ that John Dee^ in his Mathema- 
tical Preface prefixed to Sir Henry Billingjley^s Tranflation 
of Euclid^ printed at London in 1570, fpeaks of it in 
very high Terms, and as a Myftery fcarce heard of by 
the ftudious in the Mathematicks here. It is however, 
plain from fome of his Annotations on Euclid^ that he 
was tolerably verfed therein, and was even acquainted with 
the Manner of applying it to Geometry. In 1579 Leo- 
nard Digges^ a great Mathematician for thofc Times, 
printed a Treatife of Algebra in his Stratioticos^ after 
which it came to be better known and more ftudied, to 
which contributed not a little, the Improvements made 
by the Author I am next to mention. 

Francis Viete^ better known by his Latin ^zmt of 
Francifcus Vieta^ was a Native of Poitou^ in France^ and 
Matter of Requefts to Queen Margaret^ firfl: Wife to 
King Henry IV ; his AfFedtion to the Mathematicks, and 
efpecially to this Part of it, was fo ftrong, that he fre- 
quently pafled three whole Days and Nights in his Study 
without eating, drinking, or deeping, except a Nod now 
and thep upon his Elbow ♦. He, about the Year 1 590, 
publifhed a Treatife of Algebra in quite a new Method, 
and by a judicious Mixture of the Greek and Arabian 
Rules, with fome Improvements of his own, introduced 
that mode of Calculation which is fHll in Ufe, under the 
Tide of Specious Aritbmetick. Before his Time, only 
unknown Quanrirics were marked by Letters, but fuch 
a$ were known were fet down in Figures according to 
the ufual Notation. He made Ufe of Letters foe both, 
only with this Diftin^lion, that the known Quantities he 
reprefented by Confonants, and the unknown, by Vowels. 

' By 

f n^au. Hift. A. B. 1603, 
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By this Contrivance be greatly extended che Scieoce, and 
which was more, Ihewed it's Capacity of being farther 
citended. For, whereas former Algebraifts had confined 
their Invefligations to the particular Queftions propoied 
to them, he by this Means produced Theorems capaUe 
4>f reiblring all Demands of a like Nature, inftead of 
particular Solutions. The learned Dr fTallis has ac- 
counted very clearly for the new Title which f^ieia gave 
to his Algebra. The Romans had a Method of fiating 
Liw Queftions under general Names, fuch as Tilius and 
£efnf>roniuSy Cajus and MevisiSj whence we derive our 
Way (A ufing A, B, C, D, on fuch Occafions, which 
Method of ftatiog, the Civilians ftile Species^ \sx Oppofi- 
tion to the dating of red Cafes by true Names, Vieta 
.having made a Change of the fame Nature in Algebra, 
and being as we obferved before, a Lawyer by Profeffion, 
he borrowed from that Science this Title of his new In- 
v&citiGnj which was received with univerial Applauie. 
We have like wife many of his Works, under the Name 
of Apollonius Callus^ which he affumcd on Account of 
his firft attempting to reftore the Works of ApoUenius 
Perg^eus. His Genius was {o cxteafive, and his Pene- 
tration fo great, that it enabled him 'fx) apply his Mathe- 
matical Knowledge to moft Subjcfls; of which we have 
a particular Inftance, in his decyphering the letters 
which paiTed between the Court, of Spain^ and the Fac- 
tion of the League in France^ notwithftanding above 
Five hundred different Charafters were made Ufc of in 
them. About the iame Time Houriihed Raphael Bom- 
ielU^ an Iialian^ who publiflied at Florence a Treatife of 
Algebra, wherein he firft taught how to reduce a biqua- 
dratick Equation to two Quadraticks^ by the help of a 
Cubic. 

Our own Countryman, Mr WilUam Oughired^ was the 
next great improver of Algebra. Building however on 
what Vieta had already performed. He introduced fuch a 
Conciienefs, and withal fo plain and perfpicuous a Me^ 
thod of inveftigating Geometrical Problems, as acquired 
him immortal Reputation. His Clavis Matbematic^y Or^ 
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Key $f the MafhetfMiuks^ wa» firft publiihed in 1 63 1 , and is 
perhaps the €lofeft and moft compendknis Syftem hitherto 
extant. In this Work he contented himfclf with the Solu- 
tion of qnadratick Equations,, refenring thofe of higher 
Powers for arwther Work, which was his Exegefis Nume^ 
rofa^ which in later Editions is join'd to his Ctavis. In 
both Pieces there were abundance of Additions and Im- 
provements, and the Doftrinc of Proportions more fully 
and clearly Hated than hitherto if had been ; but the 
greateft feitccllcncy in Mr Ougbtnd^s Book, was his Ap- 
plication of the Analytick Method to Geometry, which 
jfie did in a Variety of Cafes, and enabled his Pifciples to 
proceed ftill farther than himfelf had done. By Profeflloii 
he was a Clergyman, and Redlor of Alhury in Surry ^ 
Where he gave himfelf up entirely to his Studies, and to 
the Converfation of a very few Friends, he lived to th^ 
Age of Fourfcore and feven, and died then of Joy, on 
Ma;^ I, 1660, at hearing the Houfe of Commons had 
voted the King's Return. Some have cenfur^d his 
Clavis as too Ihort and obfcure, and fo indeed it might 
prove for luch as were altogether unacquainted with thefe 
Studies, fot whofe ufc it is plain enough he never de- 
fign'd if, but where Perfons are acquainted with the 
Elements of Geometry and Algebra, and have that Saga- 
city and Attention which is neceflary to make any con* 
fiderable Progrefs in this fort of Learning, Mr Oughtred^s 
Key will be ftill found a very ufeful Book, and its Stile 
the moft perfetft in its kind that has ever been ufed. 

Contemporary with him was Mr Thomas Harriot^ an er- 
eellent Mathematician, and who made ftill greater Im- 
provements in this Science. He is placed after Oughtredy 
tho* he died long before him, becaufc his Book was not 
publlflied till fome time after the firft Edition of Oughtred^t 
Clavis. It was then printed in a thin Folio by the Care 
of Mr H^alter tVarntr^ uncfcr the Title of Arlis Andfytica 
Prams ad Mquatimts Algehratcas novi^ expeditd^ (^ gt^ 
nerali Methodo^ refolvendas^ TraSlatus pofthumus, (^c. i. e, 
A TrcatHe of the Analytick Art, containing a new, ex- 
peditious, and general Method of rcfolving Equations, 

a pofthumous 
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a pofthumous Tra£b, by the late learned Mr Tbomas Har^ 
riot. The Publiflier, Mr Warner^ prefixed a Preface of 
his own, containing a viery judicious, tho' very concife, 
Reprefentation of the leverai Parts of Algebra, their 
Nature and Dependance on each other, the Extent and 
Ufefulnefs of this Art, and the Progrels thereof to that 
Time. In Mr Harrici^s Book, Algebra takes a new 
Form, and from him ^lone it met with more Improve* 
ment than from all ^who had ftudied, or at leaft all who 
had written upon it, before him. He was indeed one 
of the greateft Men this Nation ever produced, and 
great Pity it was, that this Work of his did not appear 
in his Life-time, or that his other Pieces, which were of 
infinite Value, fliould be buried in Oblivion. The true 
Caufe of the former feems to have been his Courfe of 
Life, he was a Dependant on the Earl of Northumberland^ 
and Sir Walter Ralegh^ and afterwards upon Sir TJumas 
Aflesburyj to whom, if I am rightly informed, he left 
many of his Writings, and, as I hinted, the Reafon of 
bis not publifhing them in* his Life-time, feems to have 
been his Deference for his Benefactors. Happy had it 
been, if the reft of the Mathematical Works he left had 
been lent abroad (as in his Preface he feemed to promife 
they fhould) by the intelligent Editor of this excellent 
Work. 

It is divided into two Parts ; and the Author begins his 
Improvements by removing every thing that was ufe- 
lefs, fuperfluous, or inelegant in former Methods ; thus 
inftead of Capitals, he introduced fmall Letters ; inftead of 
the Terms, Squares, Cubes, Surfolids, fcfr, and their 
Contraftions, he brought in the Powers themfelves, 
which made the Operations much more eafy, natural, and 
perfpicuous than they were before. Having thus efta- 
blifhed a plain and accurate Notation, he proceeds to a 
Multitude of new Difcoveries, of which, to the Number 
of twenty- three, the Reader may find a full, diftinft, and 
very judicious Account, in the celebrated Treatife of Dr 
JVaUis. From this admirable Piece of Mr Harriot\ 
jD^j Cartes took all the Improvements he , pretended to 

make, 
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make, as the Doftor juftly obferves, and of which Ifhall 
furnifh the Reader with fome concife, and I think con- 
clufive. Proofs, Firft^ It appears from all the Accounts 
we have of the Life of Des Cartes y that he was here in 
England when Harriotts Book was publifhed, which be- 
ing written in Latin^ in a Branch of Learning about 
which that great Man was then very fedulous, it is eafy 
to conceive that he was one of it*s moft early Perufers ; 
Secondly^ It is certain that he did not publifti any thing on 
this Subjedfc before that Year -, Thirdly^ His Treatife of 
Geometry, wherein thefe new Improvements firft ap- 
peared, was printed in French in 1637 without his Name, 
which in all Probability was to try what Opinion the 
World would have of them, and whether any of the 
French Mathematicians could difcern whence they were 
taken ; Fourthly y Though he fuffered the two firft Pafts 
of his Book to be publilhed in Latin, with his Name, in 
1644 ; yet the third Part, relating to Geometry, did not 
appear till 1649, when it was publifhed by ir^«m Fan 
SchoGten. Thefe are probable Reafons only, but then, 
Fiftbfyy He follows Harriot diftinftly in Nineteen feveral 
Difcoveries ; which that they (hould be made in the fame 
Method and Manner, (except a few Miftakes) without 
confulting Mr Harriot, is altogether incredible, and was 
fo held to be even by his own Countrymen, when, 
through the Information of the Honourable Mr Caven- 
dijh, they were made acquainted with Mr Harriotts Book ; 
Sixthly, There are fome little Changes, particularly in the 
Marks made Ufe of by Des Cartes, and which were ne- 
ver followed by any Body, that plainly intimate he only 
introduced them, in order to dilguife his Method ; 
Seventhly, It appears that Des Cartes himfelf was ac- 
quainted with the Charge brought againft him upon this 
Head, and yet he never thought fit ^to juftify himfelf, 
nor did ever fo much as declare that he had not feen 
the Book he was faid to have copied. On the whole there- 
fore, there is all the Reafon in the World to believe, that 
the Honour due to the great Improvement of this Science, 
which fitted it for all that it has received fince, from 

c Foreigners 
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Foreigners or Engtifimn^ bdonn to our Author Har^ 
ri0ij and not to Dei Caries^ who only accommodated 
thftfe DifcQveries to Geometrical Sul^efts. 

After him Dr y0lm Petl^ who was Refident for the 
Cmm§uwi4lth of Ejq^land in SmtzerloBd^ publiihed fome 
new DifcoTcriei. The Method he took of doing it waa 
this, he recommended to Mr Tb&mm Brancktr a Treatifi: 
of Algebra written in the German Language by Rkeniuu 
which when he had tranflated, the Th&or reri^d, alter-d 
and added to it. In this Piece there are a great many 
curious Things relating efpecially to ZH^fbaniine Algebra% 
but delivered very obicurely, iniomucb, that the learned 
Dr TFaltis feems to be in doubt, whether him&lf had 
ftached Pr Fell^ true Meaning, Yet^ to this Gentkmant 
who wrote in fo perplexed a Way, we ibiiid indebted foe 
d>e Invention of the Regifter ; a Method of great Ufe» 
^f^cially to Beginners, the Prai^ice <^ which was what 
chiefly recommended Kerfeyh Algebra, and which is con* 
ftantly and judicioufly preferved throughout the foUow-* 
ipg Treatifc, It is very likely, that the I^knefs com* 

Elaincd of in Dr PeU*% Writings might be owing to 
is Circumftances as well as Temper, iox he was a very 
bad CEconomift, not through any Vice or Extravagancy^ 
iHit by a negle& of his private Affairs, and Q)ending all 
his Time in Study, 

As for the Rules of John Vm Huddtt Mr Mmj^ 
So'afinus BartboUne^ Mr HMgens^ and others, I do not 
fi^e Notice of them, becaufe in reality they are no more 
than < Improvements on, or Deductions from, H^trriet. 
The fame thing may be faid of what has been written by 
Meff. Farmaty dc Bilfy^ Femidu and Qth» French Ma- 
thematicans, who only profiofed Probkms for other People 
to refolve, and rcfevcd their own Methods of Solution 
as impenetrable Secrets 2 A Praftic», which however it 
might entitle them to the Admiration of the Age in which 
they lived, can give them no juft Claim to the Praife of 
Pofterity 5 fincc if we reap any Benefit from their Diico-' 
veries, it is indire^Iy, and lA a Manner a^inft their 
Intentions. 

2 DrfTallh 
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- Dr ^ailis himfelf has alfo dude foMe Very confidoraU« 
Improvements in this Science, efpecially in rdfpeft to itn^ 
pofilble Roots in fuperior Equations ^ and what he Jefi: un- 
perfeded has been fupplied by the ingenious Mr AkfBbam^ 
De M^iwe^ whofe accurate Performance on that Subgeft 
has been lately publilhed, in the Algebra of Do&or 
SmmdirfiH. 

In tSss tklTaais pubiifiied his Afitbmetita InfinU$^ 
tunty in which he fiiuared a Series of CuTtei^ dnd (hewed 
that if this Series could be interpolated in the middle S{xig6$» 
the Interpolation would ^ve the Qaadrature of the Cifele^ 
This Treatife fell into the Hands of the ingenious Sir IfM 
then Mr Newtm^ in the Year 1664, Whert that Gende^ 
man was about Two and Twenty ; and be by a Sigjk^ 
petuliar to himfelf, and which 6in never be eiloilgb *d* 
mired) derived frMi this Hint his celebr^ed Method of 
Infinite or Coriircrging Series. In 1665, he oompifted 
the Area of the Hyperbola by this Series to t^ifty-iwo 
Figures^ which having commurncated to Dr Batr^, hd 
prevented Mr Nicholas Mttrcator'i rbnAing away with ihtf 
Reputation of this Difeoverv^ who in 1668 publiflled tb^ 
Qmdrature of the Hyperbola by an infinite Series. This 
was received with univer&l Applaufe, ijnd yet Mr New^ 
$cn hr exceeded him v fince^ without £U)pping at the Hy- 
perbola^ he eaetended this Method by genenl Forms to all 
Sorts of Curves^ even fuch as are Mechanical, to their 
QuadtatareS) ReAificaticvis, and Centers of Gravity, to the 
Solids formed by their Rotations/ and to the Superficies 
of thofe Solids \ (^ that fuppofing their Determinations to 
be podible, this Series (topped at a certam Point, or at 
kaft their Sums were g^ven by ftated Rules. But if the 
abfoluie Determinations were impoflftble, they could yet be 
infinitely approximated as he likewife flawed, and which^ 
as a Fremb Writer juftly obferves^ is the happieft and moft 
refined ContrivaiiGe for fupplying the Dcfefts of human 
Knowledge, that Man's Imagination could pOffibly invent* 
It is alfo certain, that he attained his Invention of Fluxions 
by that Time he was Four and twenty, but his Modefty 
was fo great, that he forbore to publifti his Difcovery, 

c 2 which 
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which was the folc Reafon that the Honour of it was ever 
difputed with him. 

In 1707, he firft publiflied a Syftcm of Algebra under 
the Title of Univerfal Arithmetick^ and in 1722 gave ano- 
ther Edition of it, wherein are contained all his Improve- 
ments in that Art. 

From the Rules by him laid down, ftill farther Lights 
were ftruck out by fuciceeding Mathematicians, fuch as 
Dr Edmund Halley, who publilhed in the Philofepbical 
TranfaSlionSy a Method of finding the Roots of Equations 
without any previous Redudtion, and the Conftruftion of 
Equations of the 3d and 4th Power, by the help of a 
Circle and Parabola. Mr J. Col/on^ who obliged the 
learned World with a univerfal Refolution, Geometrical 
and Mechanical, of Cubic and Biquadratic Equations. 
Mr Cclin Mac Laurin^ in his Treatife of intpofliblc Roots, 
and many others too long to be enumerated here. 

But after all thefe Difcoverics and Improvements, there 
has ftill been a general Complaint, that hitherto we have 
had no Book of Algebra plain enough to inftru(5b fuch as 
are inclined to ftudy this Science without farther Affiftance, 
or who live in Places where it is not to he had. To ob- 
viate this Objeftion, the following Treatife was drawn up, 
which will be found to contain a clear and copious Syftem 
of Algebra, delivered in fo eafy and natural a Method, 
and with fuch Perfpicuity and Condefcenfion to the Feeble- 
nefs of the Underftanding, when firft applied to this kind 
of Study, that I felicitate myfelf on having prevailed up- 
on it's Author to make it publick, as I am perfwaded it 
will be of general Ufe, in preventing young People from 
being difcouraged at their firft Entrance into Algebra, 
which has hitherto hindered Numbers from cultivating 
their Inclinations to the Mathcmaticks, as conceiving 
thofe Difficulties in the Science, which, in Faft, are owing 
to the Teachers Infufficiency, as a Coach injudicioufly 
hung will jolt let the Road be ever fo good.. 
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HAVING given the Reader an Hifiorical Account of 
this Science in the Introdu£lion, we are now to explain 
the Signs, and CharaAers ufed by Analytic Writers, and 
mention thofe Axioms or Self-evident Principles of Truth and 
Certainty, which are the Foundations of this celebrated Art, 



Signs Namts. 



Significations. 



• •• ' 

The Sign of Addition ; as S -f^' 4, is 8 if 
to be added to. 4, and m~{-n fignifies the 
Quantity reprefented by m, is to be added 

__%1S7>I J ^°» '^^ Quantity reprefented by » ; again^ 

-J- J |r/«x or more. <\^j^^j^^^ fignifies they are all to be added 

I into one Sum, and ^-j-m 4-^ fignifies that 
I the Numbers reprefented by b^ m, and d, 
I are to be added into one Sum. 



The Sign of SubflraSfion 5 as 5 — 2, la 
5 lefs by 2, or 2 is to be ilibftraAed from 
5, 'ZnA a^-^b ii a lefs b^ or the Numbeif 
reprefented by b is to be fubftrafled from 
the Number repre/ented by ^ ; and g — 2 
-r- 3, is that from 9 there is to be .fub- 
ftrad^ed 2, and from that remainder 3 is 
to be fubflra£led. 



** >•• ♦» 
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^ r The Sign of Multiplication ; as 5 x.7. Is 
5 ii to be multiplied by. 7, and^x^, is 

Hthe Number reprefented .by tf, is ^to^be 
Into or VHtb . « multiplied by the Number' reprefented b|r bi 
and 7 X 3 X 2, is that 7, 3, and 2 are to be 
multiplied into each otber^ and the pro- 
duft is 42. , '. '" 
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The Sign of DiviJUn ; as 8 -f- 4, that is 

8 is to !:« divided by 4, and x -f- jr that 

is, the Number reprefented by ;r» is to be 

divided by the Number reprefented by jr ; 

or fometimes they are placed like Vulgar 

g 

FraAions thus «, that u, 8 is to be di- 

4 

vided by 4, and -, that is, the Num- 
ber reprefented by at, is to be divided by 
;^thct Number reprefented by y. 

The Sign of Efuality or Elation ; thus 

9 = 9, that is, 9 19 equal to 9, and 2 -f- 3 
= 5 that is, 2 added . to 3 is equal to 5 { 
Again, /91 =: n -f-y, that is, the Number 
reprefented by m is equal to the Number 

J reprefented by », added to the Number 
^ reprefented hy y\ andy — x'zza-^-b^ that 
is, the Number reprefented by y being 
leflened, by the Number reprefented by ;r, 
the Remainder is equal to the Number 
reprefented by tf, added to the Number 
.reprefented. by b. 

C The Sign of PnporttoHy or what is 

, I commonly called the Rule of Three, and 

I : : is placed between the two middle Num* 

I bers thus, 3 : 5 : : 6 : 10, that is,.as 3 is to 

^ 5, fo is 6 to IQ, and a-. b:ic : d that is, 

. I as the Number reprefented by a is to the 

I Number reprefented by by (o is the Num- 

I her reprefented by € to the Number re- 

' \.prefented by i. 

The Sign of Involution^ or raifing any 
Number or Quantity to the Sfuare^ Cube^ 
or any other Power ; and the heighth of the 
Involution is generally expre^ by the 
Number after the Sign thu^, 7 ^ 2, is 7 
j involved to the Square or fecond Power| 
and 7 ^ 3> is 7 involved or raifed to the 
Cube or third Power, and ^ &« 2, is tf in- 
j^^volved to the Square or fecond Power. 

The 



m 



> <.Ev9luthn. 
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( Irrationalky^ 
or M Swd 
Root. 
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The Sign of fiyob/tion^ or the extraA* 
ijig of Roots \ and the Root that is taken 
is likewife expjrefled by the Figure that 
J follows the Sign, thus 9 lui 2, is the Square 
^ Root f>i 9 18 to be extraSed, and 27 wi 3, 
is the Cube Root of 27 is to be extraded* 
and aawt2^ is the Square Root of « « is 
i^to be extraded. 



The Sign of IrrathnaU^^ or of a Siiid 
Hoot ; that is, the Number or Quantity 
has not fucb a Root as is required to be 
extra^ed, thus the Square Root of a 
would he exprefied thus ^ 2, and the 
Square Root of 5 thus i/ 5, and the Cube 

3 

Root of 4 thu3 y^ 4^ the little Figure 

ftandii^ over the Sign being 3 (hews it to 

s 
be the Cube Root ; again, ^ 15 is the 

Cube Root of 15, and where there is no 

fuch Figure over the Sign it fignifici the 

uSquare Root only. 



4 



Now .before we go farther, it will be neceflary to inform the 

Reader, that where there is any Number joined to a Quantity 

it (hews how many Times that Quantity is taken ; thus, 4 a is 

four times a, or the Number reprefented by tf is to be taken 

/our timis ; and 7 m is feven tinus m, and if y was to b6 taken 

fiven times it may be exprefied thus 7 y, 

Thefe Numbers are called Co-efficientSy or FMow-Fa^orSy as' 
they multipy the Quantity, and if any Quantity is without a 
Co-efficient, then It is always implied that Unity or i is the Co^ 
ifficient of that Quantity ; thus a is the fame as i ^ , and y the 
fame as ly, for when the Coefficient is only Umty^ or i, it is 
generally omitted. 

Quantities that are exprefled or repre/ented by (ingle Letters9 
or feveral joined together like a word, as tf , ^, ab^ anz^ jyz^ 
are called ample or fingle Quantities. 

• But when thefe are conneded by the Signs -{- or — as « -f" ^s 
am^^iy dn-^azy they are called compound Quantities. 

And fometimes Quantities are fet down in the Manner of Vul- 



jpr rra&ions^ thus, r, ' ^ 



m 



*4-jr 



The 



Tlie Sign that conncds the Quantities belongs to that which 
follows the Sign thus, tf + ^> where the Sign -4- belongs to the 
Quantity b ; again, a — r -f ^/ the Sign — belongs to the Quan- 
tity r, and the Sign + to the Quantity d. 

As to thofe Angle QJuantities which have no Sign before them, It 
is always underflood they have the Sign -|- ; thus a is the fame as 
-I-- tf , and m is the fame as -f- ^9 ^nd therefore in fingle Quan- 
tities if they are to have the Sign ^ it is ufually omitted, and 
they are ufually fet down without any Sign, but the Sign — - 19 
never omitted but always placed before the Quantity to which it 
belongs. 

And in compound Quantities, if the firft or leading Quantity 
'has no Sign, then it is always underftood to have the Sign -f-, 
thus, tf -f. & is the fame as -jl <? -}. 3, and a — ^ is the fame as 
^a — b; therefore in Compound Quantities, if the firft or lead- 
ing Quantity is to have the Sign -)- it is generally omitted, but 
in thefe Compound Quantities as well as in Simple Quantities 
the Sign — is never omitted, but always placed before the Quan- 
tity to which it belongs. 

But Letters fet or joined together like a Word fignifies the 
Produ£l or Ke£tangle of thefe Letters, thus, ^^ is the ProduA 
of a multiplied .by b, and dny is the ProdufLof ^, », and y, 
multiplied together. 

The Operations in Jlg^bra are founded oq thpfe Jp^oms* 

4 X I O M J. 

If equal Quantities be added to equal Quantittes> the^ Suqi of 
thefe Quantities will be equal. 

A X 1 M 7,. 

If equal Quantities be taken or fubftraAed from equal Quan- 
tities, the Quantities remaining will be equal. 



\ - 



A X 1 O M 3. 

> > a 

/ . . 

'■♦* , 

If equal Quantities be multiplied with equal Quantities, their 

Produ^ will be equal. 






4 X I M 
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• A X 1 O M. /^ 

^ If equal Quantities be divided by equal Quantities) tbelr 
Quotients will be equal; 

AXIOMS. 

■ ' ^ • . ; 

If there are feveral Quantities that are ecpial to one and tlit 
fame thing, thofe Quantities are equal one to another. 

The Reader having premifed thefe Things, and underftanding 
vrhat the Signs are intended to exprefs, he may proceed to the 
-Rdes of the Science; and if at firft he meets with fome little 
Difficulties about the Signs and Co-efficients, I would recom- 
mend him to read the foregoing Pages again ; and if that and 
another Eflay or two does not remove the Difficulties of any pijir- 
ticular Example, thetl to omit that and proceed to the next, in 
which perhaps he may fucceed, and that may caufe the Difficulty 
in the other to vaniiht . ' 



.«* V J -• ^. ♦• ^ 
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In which there are three Cafes J 



(i.) Cafi i-\X7 HEN the Signs of the Quantities to be added 
VV are both*affirmative, or both n^ative, add the 
Co-efficients or prefixt Numbers together, and to their Sum join 
the Quantities^ prefixing to them the Sign they have in the 
Example. 

Exam. I. Exam. 1. Exam. 3. Exam. 4. 

To ^a $m — ^4J' — 2« 

Add S** • 3tOT "^Zy — '6* ' 



Sum ^a '7m '^jy — 9* 

In Exam. j. the Co-efficients are 2 and 3, which added toge« 

|her makes 5 to which joining a the Quantity it it 5 V, send no 

Sign 
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Sign being prefixt to cither 2 « or 3 tf, the offirmativi Sign n 
underftobd as prefixt to botb; hence I fty 5 « or -f-5 tf'is the 
Sum required* 

'. Exam.%. Tbe Co-efficients are 5 'and %^ which being added 
make 7, to which joining m, it is 7 m, the Sum requifed, for 
the Signs of 5 m and 2 m are both affirmatlvi b/ what was Cud 
of the laft Example. 
Exam. 3. The Co-efficients are 4 snd 3, which being added 

anake 7, to wfaidi joimng y it becomes 7/9 l>ut as 4jr and 37 

have both the Sign — « before tbemt therefoce prefix the Sign — fx> 

7/ and then -— • 7 j^ is the Sum required. 

Exam. 4. The Co-efficients are t and 6, wbich together maiae 

fi, to which jbining % it becomes 8 x, and prefixing tbe Sign -— 

ton the Reafon in the laft Example^ we have -* 8 jb the Sum 

acquired. . 

« 

Exam. 5* Exam. 6. i?4f»«. 7; £xaai. 8. 

ff 

To iS^y — i4tfZAf ' 4^^7 — i6jf«iJ 

Add 7«^ — 2tf«jr S^^j' '•^iiymd 

Sum 22«ijf — i6tf«* y^'^J' — 28ymd 

Exam. 5. The Sum of the Co-efficients 15 and 7 are 22, to 
which joining my it is 22 my the Sum rtqiiired, for 15 my and 
J my have 4Kith the affiri^ative Sign, ,tiiere h^is^ no Siga 
prefixt. 

Exam. 6. The Sum pf the Co-efficients J4 and 2 are x 6, to 
which joining a%x k is ihanx^ to which prefixing the Sign 
-— , as both the Quantities^ to be added have that Sign, then is 
— - 16 J z ;r the Sum required. 

Exam. 7, The Sum of the Co-efficients 4 and 3 is 7, to which 
joining ^ ^jr it is 7 « dy^ and both the Quantities having the £^r- 
motive Sign, therdbre *] ady is the Sum required. 

Exam. 8. The Sum of the -Co-efficients 16 and 12 is 18, to 
which joining ymdit is^28 jr m i, to which prefixing the Sign --* 
as both tbe Quantities to be added have that Sign, then is 
«— ^8 jf m.d -the Sum required. 

The four following Exampiesareadded for theLearner'sExerciie<» 

Exam. Q. Exam. 10. Exam. 11. Exam. 12. 

• ^ » ■»<«•% • 

To 2iwjr Xtf» 0.1 dy "^da' 

Add 3iwjf 2tf» dy --^da 

mm»»m^mmmmm^ i^tm^mm^mmmm^ ^mtmm^mmm^^mmm 'mmt^mmm^mmamm^mm. 

Sum 5«wj^ S^'ff . . 22rfjr .^m^zda j 

Exam. 
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EMom, II. The Co-elioieiiis are 21 and i, for tbtffe beiog no 
Co-eflcienc prefixt to dy^ Unity or i is always underftood in fiich 
Ca&s t0 be the Co-eflkient, hence the Sum is 22 Jy, 

Exumt I2r There being no Co-efficienta piefixt to cither of 
the Quantities, Unity or i is the Co-efficient to each, and i 
being added to 1 makes 2, to which joining Jka it it 7.da^ to 
which prefixing the negative Sign, we have — 2 ^ a the Snm 
rehired. 

(2.) If there are two or more Quantities cooneAed by the 
.Signs -f^ or — - to be added to two or more Quantities conneAed 
by the Signs 4- •ch' — - they are added as in the former Examples^ 
only taking due Care that the Quantities which compofe their 
Sum are conneded with thrir proper Signs, according to the Ruk 
as in the foUowing Examples. 

Exam. 13. Exam. 14. Exam. 15* 

To 211 + 7^ (>ma^$y 2ima'^2yJ 

Add 3^ + 2^ 2»ftf-4-3jr S^'^ + SJ'^ 

Sum 5^+9^ Sma^By 24/otf -(-5jf 4/ 

Exam. 13. Is 2 0-|*7^ ^^ be added to 3tf-f^^* '^^ 
Quantities being firft difpofed as in the Example, it follows from 
former Examples that 2 a being added to 3 tf makes 5 tf, and 7 k 
added to '2^ makes gb, but as 7 i and 2h have both the aflr- 
mative Sign, prefix that to the 9 ^, hence 5 + 9^ iBtbc Sum 
required. 

Exam. 14. Is 6mtf-|*5J' to be added to zma-^^^y. Now 
by the former Examples 6 ma being added to 2m a is 8 ma, and 
Sy being added to 3y is Sy, but as 5y and 3/ have both the 
affirmative Sign, therefore prefix the Sign -f- to 8^ fo will 
Sma^Sy be the Sum required. 

Exam. 15. Where 2imi7'4-2jf^ is to be added to 3mtf-f3/^* 
Now by the former Examples 21 ma being added to 3 m ^7 the 
Sum is 24 m tf, and 2yd being added to 3;^^ the Sum is Sy ^« 
But TA^ 2yd and 3y d have U)th the affirmative Sign, therefore 
prefixing the Sign -1^ to %yd we have 24i»tf+5y^ the Sum 
required. 

Exam. 16. Exam. 17. Exam. i8. 

» 

To — 7//<i— 15« 9mtf— *i4»i — 2OT»+i5y>/ 
Add— 2rftf— 4191 3f»tf— 3»i/ — 4»f«-4- 4y^ 

Sum-^9Ja-— I9;9s I2ma'^i7 nd '—bmn+igyd 

Exam. 
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Exam. i6. h-^j da — 15 m is to be added Co— '2^ tf— -4191. 
Now 7 da added to 2d a is gda^ but as both thofe Quantities 
have the Sign —9 I therefore prefix the negative Sign to gda^ 
and then it is — gda. Again, .15 m added to 4m is 19 m^ and 
both thpfe Q^iantities having likewife the negative Sign, I ac- 
cordingly prefix ic to 19 m, whence the Sum required is — gda 
— 19 m.. 

Exam. 17. Where gma-^i^nd is to be added to 3ma— -3ii/. 
Now gma added to 3 m tf is 12 ma^ and both thofe Quantities 
having the Sign -f- place down 12 ma as in the Example : Thea 
l^nd added to 30 ^/ is 1771//, but both thofe Quantities hav* 
ing the Sign — , therefore place the Sign — * before 17 nd, that 
the Sum required is I2ma^^i'j nd. 

' Exam, 18. Is — 2mn'^isyd to be added to ^-4m/i-f«4jf^« 
Now 2m n added to 4 m n is bmn^ but both thofe Quantities 
having the negative Sign, prefix the Sign •--' and then it is 

— 6jnn. And 15 >^ added to J^yd is I9>i, and both thofe 
Quantities having the affirmative Sign, prefix the Sign -(- to 
igj dy hence the Sum is — 6 m ;i -4- 19 j^ ^* 

Exam. 19. Exam. 20. Exam. 21^ 

To gyd — j a ^i^yd'+'i^a ^^i^yj^ J 

Add 2yd — a * 2yd + '' a — y-^^d 

Sum 11yd — ia . * iby d^ iba . — i5>-4-2i 

Exam. 19. When ,,yoU'. come to add — 7 a to — <i, there 
being no Co-efficient prefixt to a. Unity or i is always in fuch 
Cafes the Co-efficient,, and then by what has been already taught 

— 7 a being added to, r— ^^ the Sum is — 8 a as in the Example. 
Exam. 20. Thlis, when 15 a is to be added to a the Sum is 

for the fame Reafon lb a, 

Exam^ 21. And — 14^ being added to •— y the Sum is —15/, 
and d being added to d^ for the fame Reafon the Sum is 2 ^ or 

(3.} Cafe 2. When the Signs of the Quantities to be added are one 
affirmative and the other negative^ fubltra£l the lefler Co-efficient 
from the greater, to the Remajhder join the Quantity, and prefix 
to it the Sign of the greatcft*1do-cfficicnt. ' * ' * 
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Exam. i. Exam. 2. Exam, 3. Exam. 4* 

To 5tf 16m %iad' x/^m% 

Add ~2tf — I2i« '^^ 'jad — * ^m% 



Sum 3^ 4m 1411^/ 901a 

Exam. I; The Co-efficient 2 being fubftra£led from 5 leaves 3; 
to which joining n it i^ 3 a^ but the Sign of 5 the greateft 
Co-efficient Uqfirmdtivi^ therefore 3 a or -(-3 a is the Sum 
required. 

Exam. 2. The Co-efficient 12 being fubftra£led from 16 leaves 
4, CO which joining m it is 4 m, but the Sign of 16 the greateft 
Co-efficient is 4j2^rma//w, therefore 4 in or -j^ 4 m is the Sum 
required. 

Exam. 3. The Co-efficient 7 being fub(lra£led from 21 leaves 
}4, to which joining 41^ it is 1411^, but as the Sign of 21 the 
greateft Co-efficient is affirmative f hence iJ^ad is the Sum 
required. 

Exam, 4. The Co-efficient 5 being fubftraded from 14 leaves 
9, to which joining 89 z it is 91912, but as the Sigh of 14 the * 

freateft Co-efficient is qffirmativiy hence (^m%oi'\'t^mz is the 
um required^ 

Exam. 5. - Exam. 6. Exam. 7« Exam. 8. 

To i^i4M *— gj' S« <)am 

Add 'J m Q,y —9a — I4.tf»i 



Sum-— 7»i — 7^^ •^— 4» -— S^^ 

Exam. 5. The Co-efficient 7 being fubftraded from 14 leavel 
7, to Which joining m it Is 7 m^ but the Sign of I4 the greateft 
C>-efficient being i— , prefix that Sign to 7 w then is — 7 w the 
S^um required. 

Exam. 6. The Co-efficient 2 being fubftra£led from 9, there 
remains 7, to which joining j^ it is 7 jf» but as the Sign of 9 thd 
greateft Co-efficieot is — , prefix that Sigii to 7 y^ and we iliaU 
have -— jy for the Sum required. 

Exam. 7. The Co-efficient 5 being fubftraded from 9 leaves 
4, to which joining s it is 4 2, but the Sign of 9 the greateft 
Co-efficient being negative, prefix the Sign — to 42, and wc 
have -—42 for the Sum required. , 
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Exam. 8. The Co-efficient 9 being fubftraAed from 14 leaves 
5y to which joining « m it is 5 tf m, but the Sign of 1 4 the great- 
eft Co-efficient being negative, prefix the Sign — to Sam, and 
we have — 5 ^ m tor the Sum required. 



Exam, 9* 


Exam. to. 


Exam. II. 


Exam. 12. 


To jam 


— Stfrf 


— I4jf«f 


— ay 


Add •— am 


gad 

ad 


i6ym 


7 ay 


Sum bam 


2fm 


bay 



Exam. 9. The Co-efficient oX^^am being Unity, or i, 
which fubfiraded from 7 leaves 6, to which joining « m it is 
bamy prefixing to it the Sign of 7, the greateft Co-efficient, we 
have bam or -^b am th^ Sum required. 

Exam, f o. The Co-efficient 8 being fubftrafled from 9 leaves 
I, to which joining a d /we have lad ox ad^ which having al* 
ready the Sign of 9, the greateft Co-efficient, hence ad \s the 
Sum required. 

Exam. 12. The Co-efficient of — ayhtmgVnity^ of i, which 
fubftrafled from 7 leaves 6, to which joining ay \i is bay^ 
which having the fame Sign with 7^ the greateft Co«efficient» 
6 ay is the Sum required. 

4, And if there are feveral Quantities conneAed by the diffisrent 
Signs of -J^ and — , to hp added to feveral Quantities conneded 
^by the diitbrent Signs of -f- and — , they are added as in the 
fecond Article, only taking due Care to prefix the Signs, accord- 
ing to the Direflions in the third Article. 

Exam. 13. Exam. 14. Exam. 15. 

To i^a*^Tm — I5«i^— 14^2 i^jay-^^am 

Add — &^— 3»f 'jmy^i%ax — S^y-^Sam 



Sum 6fl'4-4« — Bmy — 2az i4^>+3''^. 

Exam. 13. Is i4,a'\''j mtohe added to — 8 ^ — 3 «. Now 
by the Rale at Art. 3. the difltrence between the Co-efficients 14 
and .8 is 6, to which joining a it is ba^ but 14 the greateft Co- 
efficient having the affirmative Sign, hence 6^ is the Sum of 14^ 
added to -r- 8 tf. And the difierence between 7 and 3 the Co* 
efficients of m being 4, to which joining m it is 4 w, but as 7 
the greateft Co-efficient has the affirmative Sign, therefore prefix 
t|ie Sign -f< to 4 m^ fo is ba-^^-^m the Sum required. 
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Exanu 14, Whew — ismy-^i^az is to be added to 
7 m j^ 4- 1% <2 z. Now the Difierence between 15 and 7 the two 
Co-efficients of my is 8, to which joining my it is 8 my^ but as 
15 the greateft Co-efficient hath the /i/'^a/ivt'Sign^ therefore prefix 
the Sign -^ to 8 m jf, and it is T^%my: And the Diffisrence be- 
tween 14 and 12, the two G)-efficients of az being 2,' to which 
joining % it is 2 a z, but as 14 the greateft Co-e$cient has the 
negative Sign, therefore prefix the Sign — to 2 « z fo is — Smy 
-—2^X9 the Sum required. 

Ex^m. 15. The DifiiMrence between 17 and 3 the two Co- 
efficients of ay is 14, , to which joining aj it is 14 ay^ but as 17 
the greateft 0>-eficient has the affirmative Sign, therefoie place 
down 14 tf^ or ^14^ jr. And the Difierence Jbetween 8 and 5 
the two Co-efficients of tf in is 3, to which joining mn it is 
3 /V9 but as 8 the greateft Co-efficient has the affirihative Sign, 
therefore prefix the Sign -|^ to ^am^ fo is I4tf/-(r3<7x» the 
Sum required. 

Ex{im. i6. Exam* 17. Exam. i8. 

To — .7tf-4-i6« — ISJ'+ TP T am — i6jf 

Add , 3<?— 4»i 'jy — }\p — iitfw+iSjf 



Sum — 4tf-{-i2in — 8>— 4^ — 4«»»-+- 2> 

Exam. 16. By Art. 3. the Difllerence between 7 and 3. the 
two Co-efficients of a is 4, to which joining 'a it is 4^, but as 7 
the greateft Co-efficient has the negative Sign, therefore prefix the 
$ign -—to 4 J, and it is — 4 tf. And the DifiFerence between 
16 and 4 the two Co-efficients of m is 12, to which joining m M 
is 12 m, but 16 the greateft Co-efficient having the affirmative 
Sign, prefix the Sign -{- to 1 2 m, fo is — j^ a ^12 my the Sum 
required. 

Exam. 17. By Art. 3. the Diffirrence between 15 and 7 is 8, 
to which joining y it is 8 ji, but 15 the greateft Co-efficient ha- 
ving the negative SigUy prefix the Sign -— to 8y, and it is — * 8y. 
And the Dif&rence between 7 and 1 1, the two Co-efficients of p 
is 4, to which joming p it is 4 py but as 1 1 the greateft Co- 
efficient has the negative Sign, therefore prefix the Sign — * to 
4^, and it is ^~ 4^, (b is — 8y — 4^, the Sum requited. 

Exam. 1 8. By Arc. 3. the DifiFerence between 7 and 11 is 4, 
to which joining a m it is 4 a iff, but as 1 1 the greateft Co- 
efficient has the negative Sign, therefore prefix the Sijgn-r.to 
4 am, and it is «— 4am. And the Difference between 16 

C 2 an* 
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and 18 is 2, to whichjoining jf it b %y^ but as 18 the gfcateft 
Co-e£Bcienc has the affirmative Sign, therefore prefix the Sign 4- 
to 2^9 and it is 4- 2/, fo is — ^am^2f9 the Sum required. 

Exam. 19. Exam. 20. Exam. 2i. 

Tq I4»ijr— ma — SJ^^+'S^^ — '4^J^ + S«^ 
Add '^^my+J^m a ,yrf— 3* Jjr— • iw^ 



Sum ii«fjp-4-3^f>^ — 4jrrf+x2» — I3^j^-4r4»^ 

£;rtfiif. 19. The Co-efficient of -rr m if is I, which being by 
Art. 3. fubftni6ied from 4 leaves 3, to which joining m it is 
3 m 0, as in the Anfwer, and by th^ fame Method in 

Exam. 20. If "-^Sy^ ^ ^^^^^ to yd ox tyd^ the Sum is 
•rrJ^yd^ ^nd iikewiie in 

Exam. 21. If — 14^7 is added to dy or i dy^ the Suqi if 
~i3^jr. 

5. If the po-effidents are equal, and the Signs are one affirma^ 
iive^ and the other negative^ they being added tc^ther deftroy 
ea^b other, or the Sum of them is a Cypher or mthing^. 

Exam. X. Exam. 2. Exam. j. Exam. 4, 

To J a ~5y ^A^ Sy^ 

Add — r7fi $y r— 14W rrrSytf 

Sum 00 o o 

Exam. I. By Art. 3. the Signs being unlike the Co-efficients 
ar$ to be fubftraded, but 7 taken from 7 leaves o, and if to thi$ 
wc join a it is o<7, or «» times tf, that is, the Quantity a » to 
be taken no tiro<=s or not at a)], which is the fame as nothing: 
So ill the fourth Example, If 5 is fubftraAed from 5, there re- 
mains 0, or nothings to which if we join y a, we then have nei 
times y a, or nothing, 

6. Cafe 3. When the Quantities are unlike, that is, the Letters 
are different, then fct them down ope after the other, with the 
fame Co«eiiicients and Signs they have in the Example, and this 
is the Sum required. 

And they may be fet in any Order, that is, any Quantity 
may be fet fxrft, in the middle or laft, it being not material 
fa) W they are ranged, fo as they are b^t conncdcd with thetr 
prbper Signs, 
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Exam, u Exam. 2* Exam. 3. 

To 2a ^m a^d 

Add 3^ 5 a 2jf 



Sum 2a-^^d 3^+5^ '+'*f'2J^ 

£M0r. I. The Quantities or Letters beii^ unlike by Art 6. 
I place down za, and becaufe 3 if .has the Sign 4-9 therefore af« 
ter the 2 put «4-* 3 i fo is 2 a -f- 3 1/, the Sum required. 

Exam. 2. Having put down the 3 m, after that put 4- 5 ' ^ 
other Quantity with its Sign, fo is 3 m + 5 ^» ^ Sum required. 

Exam. 3. Having put down «, after tluit put -f 1^ and after 
that + 2jr, fo is tf 4I i^. 2y» the Sum required. 

To 2tf — 7J« ^tf+15 

Add 3y+5« «— 74/ 



i«M«aMMaVBMMBMIMMM aMMMaa«MMMMBMMMMlMM^H«i.M««||^ 



Sum 2a — 7M + 3J^ + 5^ 2^+15 +« — 7rf 

f^ram. 4. Begifi- ^nd place down 2 j, after that *— 7 m, after 

th;|t+.3j|f, find after that +S9f fo is 2*— 7« + 3y + 5a5 
th^'Sum required. 

Exam. 5. Begin and place down %a^ after that -)- '5* ^^ 
that+z, and after that — 7 ^9 fo is 2i0-f«l5 -f->^*— 7^1 the 
Sum required. 

Xq 7*1 + 15/ ^y5»+7a 

Add .-i-4a-4-^» 8y— 2^ 



Sum 7»«+i5y — 4tf+«ii — is« + 7tf + 8y— 24 

To 16 -f-7M — 14«— iSjr 

Add — 2 J — 8 rf tf— 7 



Sum 16 4-7i»-i^24i — 8 J -^I4««'^I5J' + *— 7 
Examples wherein all the foregoing Cafes are promi&Uoufly ufed. 

Exam. I. E^am. 2. 

To ya^i^JJi^m -?-8a+ 7w— 21* 

Add 5^4-18^ iitf — 12«+ sjr 

1 ail r ^ 

Sum UJ+ 3^ + « a^"^ S« — *'*i-S^ 



^4 A L O E B R A^ 

Exam. J. y a added to 5 a makes I2ii, by Art. i. and — 15 ^ 
added to lid makes 3 d^ by Art 3* and there being no Quantity 
like m, that muft be placed by itfelf, by Art 6. and conneding 
thefe Quantities with their proper Signs we have i2tf-(-3^/-4-m» 
fox theSiun required. 

Exam. 2.. --^Sa added to 11 a makes 317, by Art 3. and 
*j m added to — 12 m is — 5 m^ by the fame, but 21 x and 5 y 
being different, phce them down one after another ai at Art 6. 
fois 3«-^5 «!'-*- 2fcijr4i.5/^ the Sam required. 

Exam. 3. Exam. 4. 

To •^I5tf-hf4«fi-i6 , iitfat— -7yi/-f-mii 
Add 7tf-^i4«i*f.y r^ fam^^tyd'^'ja 



Sum — 8tf— 16+JP 6tf /».— 9yi/+»f«— 741 

£';rtfm. 3. — 15 « added to 7 is — 8 a, by Art. 3. 14 m 
added to -— 14J91, \^uoibing or o, by Art 5, therefore take no 
Notice^ of thofe Qiaixtittes in the Sum, and 16 and y being dif- 
ferent Quantities fet them down by Art 6. fo is i— 8 tf-^i6-{-/> 
(be Sum re(]^uired. 

Exam. 4.. nam added to — 5 ^ w Is tam^ by Art. 3. and 
'^'jyd added to — 2yd is — ^^yd^ by Art i. Bat mn and 
n — 7 tf being difierent Quantities, fet them down by Art. 6. and 
fo fhall 6 am — 9^^-{"^^"^7^> be the Sum required. 

Exam. 5. Exam. 6. 

To 4« ; — lyy+is^j? ~7«+xS + 4<^ 

Add. rr-;i<?^-4- 3<»-^ V- . — 4^ — ii-f-8w 



•5— wi"*"^*— ■"•P"^ 



Sum 13&^+ 7^— igy* « + 4 

Exam. S' JS^P a^deil to — -2^^ is 13 ^^ by Art 3. . 
4a added to 3a is 7 tf, by Art. I. and — lyy added to —2/ 
is. — i9y, by Art. i. hence, 13*^ + 7 «-^i9y> w the Sum 

r^quire4. 

Exam, 6. *-• 7111 added to 8/», the Sum is jrt, by Art 3. 
15 added to — 11, the Sum is 4, by Art 3. and j^a added to 
-^ 4 tf, the Sum is o, or nothings by Arc. 5; hence /» + 4> ^ 
the Sun^ required. . 

The more perfe£lly Addition is underftood, the eafier it wilt 
fender the Work <rf Si^raflion. 

» 

SUBSTRACTION. 



I '5] 



S UB ST R ACTION 

7.T S performed by one general Rule ; change all the Signs of 
• X chofe Qoantities wbtch are to be fiiblhaAed, or fiippofe 
them in rii^Mind to be changed, then add diefe Quantities to 
the others, according to the feveral Rules of Addition, which 
will he the Difference or Remainder required. 

I would advife the Learner to take out the Examples, and 
put down thofe Quantities which are to be. fubftraAed with 
contrary Sigtis, to thofe they have in the Examples ; that is, 
making thofe affirmative which were negative^ and thofe negativ§ 
which ^exe affirmativiy and then proceed as direfled in tht 
general Rule. 

Exam. I. Exam, 2. Exam, j* Exam* 4. 

From $a y m ^ '— SJ' •-^8« 

Subftra£l 3^ %m —2^ — 4* 



Remains 2a S ^ — 3y — 4K' 

Exam. 1. Here 3 a the Quantity to be fubftraded has the Sign 
-4-> which being made or fuppofed to be made «— , then by our 
general Rule 5 is to be added to -^ 3 ^, the Sum of which is 
2 tf, by Art. 3, and this is the Remainder required. 

Exam. 2. In the fame Manner 2 m having, or being fuppofed 
to have the Sign — prefixed to it, then by the general Rule ymh 
to be added to — 2 m, the Sum of which is 5 m^ by Art. 3. and 
this is the Remainder required. 

Exam. 3. And if we fuppofe — 2y to be 2y, or + 2y, theii 
by the general Rule -^57 added to <^2y, the Sum is -— 3/, 
by Art. 3. and thb is the Remainder required. ^ 

Exam. 4. And if we fuppofe -— 42 to be 42, or +4 ^9 ^en 
by the general Rule if — 8 z is added to 43;, the Sum is '-«4z» 
hy Art. 3. and this is the Remainder requiixd. 

Exam, 5. Exam. 6. . Exam. 7. ^xam. 8. 

From I4OT» ^^ yyd ^-^Syx J^ay 

Subftrafl— • %mn ^-,^ 5^^^ .4^3^^' — •3^/ 



Remains ibmn m^izjd -— 8y;v yaf 

Exam. 
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Exam. 5. The Sign of 2 mn being — if we fuppofe it -^ 
then by the general Rule 14^11 added to 2j» iit the Sum is 
16 m k^ by Art. x. and this is the Remainder required. 

Exinn. 6. If we fuppofe SJ^ ^^^ '^ 5 y ^9 then by the 
general Rule ^^iyd added to -— - 5 y ^» the Sum is -— X2 y ^^ 
by Art i. and tnis is the Remainder required. 

Exam. 7. And fuppoGng the gy ^r to be — 3y jr« then by thd 
general Rule — sy^ being added to — 3yjry the Sum is 
— 8 y ;r» by Art i. the Remainder required. 

Exam. 8. And if we fuppofe the —^ 3 ii y to be 3 41 y» then 
by the general Rule 4, ay being added to 3 ay» the Sum if] ay^ 
by Art* x. the Remainder required. 

From 5tf« — *J^ -^Tai ^ji 

SubftraA — jm •^^^y ^ ad yd 



6am 4tfy — Bad i^y d 

The Truth of Subftridion may be proved as in common 
Arithmetic, by adding the Remainder to the Quantity which is 
fubftra£led, and if their Sum is the fame as that from which the 
Quantity was fubftraAed, the Work is true, otherwtfe it it 
(erroneous. 

Thus in the four hft Examples ^-^am added to 6 a xv, thd 
Sum is. Sam. 

And '^S^y &d<led to 4 ay^ the Sum is '^^ ay. 

And — - 8 « ^ added to a dy the Sum is — 7 ^. 

And 4y i added to y d^ the Sum is 5 y i. And in the lam< 
Manner may any of the other Exam^es be proved. 

8. And if there are two or more Quantities connoded by the 
Signs -^ or — , to be fubftraded from other Quantities conneded 
by the Signs -f* ^^ """9. ^^ ^ ^^^^ ^ the fame Manner, only 
taking due Care to conned the remaining Quantities with their 
proper Signs, as was done in the Addition of .compound 
Quantities. 

I 

Exam. 9. Exam. lo. Exam. ii« 

From 12^4*7^ y^^+SJ' — 5zy— 2tf»l 

Take ^a-^-zb hma-^-^y 3zy4'4^^ 



Remafais 9^ + 5^ ^^4*^ y ^-^izy—bam 



Bxam4. 
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Exam. 9. By fuppofrng 3 tf to be — 3 /r, then iia added to 
• — 3^ the Slim is 9<7, by Art. 3. and again, fappofing 2^ to 
be — 2 A, then 7 b added to — 2 ^ the Sum is 5 * by the fame, 
and connefHfig thefe Qoantitics we have 9 tf -f* 5 ^> ^he Remain- 
der required. 

Exam. 10. 6 ma being fuppofed to be negative, or to be 
•*— 6 m a, then 'j ma added to — 6 ma the Sum i» 172 tf, and ^^ 
being fuppofed to be — 4j^, then 5y added to — ^y the Sum 
isjr, hence iwtf-f-y, is the Remainder required. 

Exam, II. 3%y being fuppofed to be — 32^, and adding 
this to •— 5 zy the Sum is — 8 xy^ by Art. i. and 4 tf in being 
fuppofed to be — ^am^hy adding that to -— 2«m the Sum 
by Art. i. is — 6 <? ot, hence — 8 zy — 6 a m, is the Remainder 
required. 



Exam. 12. 


Exam. 13. 


Exam. 14. 


From 14J — 5y 
Take — 3^ — 5^ 


— 4iw« — yd 


2tf-f m 
5/1—7 


Remains 17 ^7 


— 3tf + ;w + 7 



Exam. 12. The — * 3 being fuppofed by the general Rule to 
be 3 a, and adding that to 14 d the Sum is 17 ^, by Art. i. and 
the — 5 y being fuppofed to be 5 y, if we add 5 y to — 5 y, 
the Sum is a Cypher^ or nothings by Art. 5. hence 17 a is the 
diiFerence required. 

Exam, 13. The — 3 ot« being fuppofed to b^ 3mff, then hy 
adding ^mn to — 7 w « the Sum is — 4 w », by Art. 3. and 
2yd being' fuppofed to be — - 3 y rf, and adding — 3y^to2y</ 
the Sum is — y d^ by Art. 3.' hence '^^ i^m U'^y d^ is the Re- 
mainder required. 

Exam, 14. The 5 a being fuppofed to be — 5 ^^ if that is 
added to 2 j the Sum is — 3 ^ , by Art. 3. but the m, and 7 
being different Quantities, fet them down by Art 6. only take 
particular Care to chat^e the Sign of 7, according to the general 
Rule for Subftraflion, then will — 3 <» ■+ ^ + 7> he the Re- 
mainder required 

Exam. 15. Exam, 16. Exam. 17. 

From •— am^y i5yi+2o 14^+7— a 

Subftraia + <iiw4->' — Zyd — 16 — d^T~%a 

m^mm^mm^mmm^mimt^i^mm ^mma^m^m^mtmtmmmmmmmmmmm jf^^mmm^iamim^^^^mmmmm^im 

6 The 
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The Truth of tbelc compound Operations, is proved in the 
fame Manner as the fimple Operations, by adding the Remain^ 
der to the Quantity which is fubflraficd, and obferving if thaC 
Sum is the fame with thofe Quantities from which the Subftrac- 
tion was made. Thus, 

Exam. 15. — 2am added, to jot, the Sum is —jot, by 
Art. 3. to which, conneding y with the Sign -4-9 ^^ find that 
by adding J ot -{- JK to — 2 j ot, the Sum is — J ot -f J^s ^he 
Quantity from which the Subftra^ion was made. 

Exam. 16. Now iSy d added to — 3 jr i, the Sum is 15 y rf, 
by Art. 3. and 36 added to •— 16 the Sum is 2Q by the fame, 
hence the Sum of — 3y£/— 16 added to i8yi/-4-36, is 
15 y 4/ -I" ^^9 the Quantity from which the Subi}ra£Uoa was 
made. 

Exam, 17. By adding 15 J to — d the Sum is 14^, by 
Art. 3. and by adding 7 J to — 8 J, the Sum is '— j by the 
fame, to which putting down the -{- 7, there being no Quantity 
to be added (9 that, hence — ^ + 7 — 8 J being added to 
15 ^ + 7 tf, the Sum is 14 ^^ 7 ... 47, the Quantity from 
which the Subftradion was made. 



MULTIPLICATION. 

In Multiplication there are three Cafes. 

(9.) Ci7/ii.TT7HEN the Quantities to be multiplied have 
W like Signs, that is, they are both affirmativij 
or both negative^ then fet or join the Letters together, and to 
them prefix the Sign -f-, which will be the ProduA required. 

Exam. I. Exam. 2. Exam. 3. Exam. 4. 

Multiply a y — z — da 

By d m — tf — *• 

Produ6k da my az dax 

Exam* 
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Exam. I* Having joined the Letters da and each of them 
having the affirmative Sign, therefore by the Rule da or ^da^ 
is the Product required. 

Exam. 2. Having joined the Letters m and y and each of 
them having the affirmative Sign, therefore by the Rule my or 
'{'my, is the Produd required. 

Exam. 3. Having joined the Quantities 2 and a and each of 
them having the fame Sign, therefore by the Rule aZyOV-^-az^ 
is the Produd required. 

Exam. 4« Having joined the Quantities da and x and both of 
them having the fame Sign, therefore dax, or -\^daxj is the 
TroduA required. 

Exam, $0 Exam* 6. Exam. 7* Exam. 8. 

Multiply a ^-^am — y am 

By it -^ rf • — dp a n 



ProduA a a amd dpy am an 

Exam. 5« Having joined a a^ and both the Quantities being 1 
affirmative or having the fame Sign, therefore aa i^ the Produft 
required. 

Exam^ 6. Having joined the Letters a^ and d, and each of 
them having the Sign •— , hence amd \s the Produd required. 

Exam. 7. Having joined the Letters y and dpj and becaufe 
each of them have the fame Sign, therefore dpy, is the Product 
required. 

Exam, 8. Having joined the Letters am and an, and becau(e 
each of them have the fame Sign, therefore a man is the Pro- 
duct required. 

ID. But if the Multiplicand confifts of two or more Quantities 
conne£^ed by the Signs -^ or -— , then the Multiplier muft be 
multiplied into each of thofe Quantities, prefixing to each parti- 
cular Multiplication its proper Sign, which will give the Pro- 
duA. Thus, 



Exam. 9. 


Exam, 10. 


Exam. II. 


Multiply a-^'d 
By m 


x-\ry 
d 

d%^dy 


— P 


Produ£): ma-J^md 


p m x^pn 


- 


D 2 


Bxam^ 
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Exam. 9. If we muki[riy a by m^ the Produft is ma^ hj what 
has been already taught. Art. 9. and multiplyiog d by m, the 
Produ£l is m d^ but as m and d have both the affirmative Signs^ 
therefore prefix the Sign 4* before mdf and hence J7ia-}-m^> is 
the Produfi required. 

Exam, 10. Multiplying z by J, the Produd is dzy and multi'* 
plying y by d^ the ProdtkA is dy, but as ^andy have both the 
Sign -)- before them, therefore prefixing the Sign -f" before dy 
we have dz-^ dy^ the Produfi required. 

Exam. II. Multiplying-.— iw*- by — p, the ProduA is ^w*", 
fcr m;r and ^ have their Signs alike, being both negative, hence 
by Art. 9. the Produd pmx^ mud have the affirmative Sign 
before it, and for the fame Reafon — n multiplied by — -)>, 
the ProduA is pn^ then placing the affirmative Sign before ^» 
we have pmx^pn^ for the Produft required. 

Exam. 12. Exam. 13. Exam, 14. 

Multiply ^.^tn-^y — /7 — zy ^i-^-z 

By . — ^ —.V y 



ProdilQ: dm-^-dy ax^xzy a dy ^y z 

Exam. 12. Multiply hig — mhy — i/, the Produft is mJ hy 
what was faid at Example ij, and multiplying •^— J by — y, 
the Produfl: is for the fame Reafon rfy, and prefixing the Sign 
-|- before dy^ we have d m -\^ dy, for the Produfl: required. 

Exam. 13. Multiplying — tf by — a-, we have ax for the 
Product, as in the laft Example, and from multiplying — zy 
by — x^ we have for the fame Reafon xzy for this Prod uft, 
and to this Quantity xzy prefixing the Sign'+, by Art. 9. 
we have a x -^^ x^zy for the Produft required. 

Exam, 14. Multiplying ad by y, the Produfl: is a dy^ and 
multiplying z by y, the Produ£l is j z ; but as the Signs of y 
and z are both alike, therefore prefixing the Sign -j- to yz, 
we have ^ ^/y -f-y z, the Produd required. 

IX. It may not be improper to caution the Learner, that in 
Multiplication it is quite indifferent which Letter he places firft, 
or laft, for if I was to multiply am by d, the Product is amd^ 
or mday or dma\ or adm^ or any of the different pofitions in 
which the three Letters can be placed; this may be more 
compleatly and fully underflood when we. come to apply the 
Science to the Solution of Problems : But, that the Learner may 
/orm fome Jdea of the Truth of this, fuppofe we were to multi^ 

ply 
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ply 3, 5, and 7 together, the Produ£b will be the&OM in what* 
ever Order thefe three Numbers are multiplied. Thii% 

' 3 ' 7 3 

S 5 7 



15 35 21 

1: z I 



105. ' -105 105 

This Obfervation I advife the Learner to fix in his Mind, to 
prevent concluding he has done any of the following £xamples 
errooeoufly, by happening to place the Letters dif^rent from 
"what they are in the Book. 

12. Bttt \i the ]Vfukipfier andMukiplicand confifts of two or 
more Quantities, then begin and multiply the Multiplicand by 
any one Quantity in the Multiplier, according to the DifeAions 
in Art. 9. after that multiply the Multiplicand - by another 
Quantity in the Multiplier, aiid put this ProduA under the other, 
2nd continue doing this till the Multiplicand has been multiplied 
by every Quantity in the Multiplier ; then under thefe Produdis 
draw a Line, and add them together by the feveral Cafes of 
Addition, and this will be the Product required. 

Exam. I* 

Multiply a-^^h 
By m-^n 



*-f 



ma-^mb the Produd of tf -}- ^ multiplied by niy by 

Art. 10. 
na ^nb the Produfl: of « -f- * multiplied by «, by 

the fame., 

ma-\'mb'^na'\-nb the Sum by Art. 6. which is 

the Product regutred by Art. 1 2. 



Multiply fn^y 
By <? + i 



■■■ - — -^ _ t 

am^ay the Produ£l of m'^y multiplied by a^ by 

Art. 10. 
md'-^yd the Produdl of m'^y multiplied by rf, by 

the fame. 

* '4; m-^ay '^ ^ ^+y^ the Sum by Art. 5, and this 19 

the Produ£l required by Art, 1 2, 

Multiply 
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Multiply — tf — d 
By "^m^^z 

ma-^md the Produd of •^a^^d multiplied by 

— w, by Art. lo. 

az'^fz the Produft .of ^-^ar^d multiplied by 

— z, by the (ame. 

ma-^mdJ^avi^dx x3^^^Mm\>y KxX^d. and this is the 

Produd required, by Art l^. 

Multiply « 4" * 

By a^h 

^— ^— I I III 

aa-if-ah the Produ£l: of 0-4^ ^ multiplied by a^ by 

Art. 10. 
ahJ^hh the Product ol a-^-b multiplied by b^ by the 

fame. 

aa"^%ah'\'hb the Product of aJ^b multiplied by 

a + b. 

Now in the Addition of the above ProduAs I obfcrve that 
there is ^ ^ in each of the two Lines, and there being no Co- 
efficient prefixt. Unity or 1 being then always undcrftood to be 
the Co-efHcient, hence tab added to lab is 2a b; the other 
Quantities a a and bb in the two Produ6ls are fet down as in the 
former Examples, therefore aa'+*2ab'^bb^ is the Produdl 
required. 

And in fuch Additions as thefe I would recommend it to the 
Learner, before be begins to add, to examine the feveral Quanti- 
ties and fee if the Letters in any two of them are alike, and if 
they are to colledi them into one Sum, according to Art. i and 
J, remembering that though the Letters which compofe the two 
Quantities are not in the fame Order in each ; yet if they are 
but the fame Letters, and no more in one, than there is in the 
other Quantity they are the <ame, and may be added by Art. % 
and 3. 

The four following Examples are for the Exercife of the Scholarr 



Multiply 
By 



a-^b 

«H-y 



a y -^'by 



a+y 



aa-^ay 



•»m 



Produft am + mb'^ay'\'by - aaw^-T^ay^^fy 



Multiply 
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Multiply y + ff^ '^^a^-^ d 

yy'^ym a a ^a d' 

yffi'^mm ad'^dd 



ProduA yy^7.yfn'\'mm a a J^T, a d '\' d d 

13. Cafe^. If there are Co-efficients or prefixt Numbera, 
then multiply the Numbers as in common Arthmetic, and to 
their Produds join the ProduAs of the Quantities found by the 
laft Cafe. 

Exam. J. Exam. 2. Exam. 3. Exam. 4. 

Multiply 7. a $m — ^ad — 2y 

By 3»i 2y —3^ — « 



Produd bam ^S^y 21 adm 2a y 

Exam. 1, The ProduA of the Co-efficients 2 and 3 is 6: the* 
ProduA of a. multiplied by miB am^ joining thefe together it is 
6tf ^ the Produdl required, for the Signs of 2tf and 3111 are 
alike. 

Exam. 2. The Produd of 5 by 3 is 15 : the Produd of m 
by y is my^ joining thefe together it is 15 m 7 the Produd re- 
quired, for 5 m and 3y have the fame Signs. 

Exam. 3. The Product of 7 by 3 is 21 : the Produd of ad 
by mis adm^ and joining the 21 and adm it is 21 a dm the 
,Produ£l required, for th6 Signs of *] ad and 3 m are both alike 
being negative. 

Exam. 4. The Produd of 2, and i the Co-efficient of a is 2, 
to which joining tfy, the Produdl of 17 andy it is 2 ay the Pro- 
dud required, for the Signs of 2y and a are alike being both 
negative. 

Multiply 'jam 6dz "^Syp «— 2^2 

By 2d 2 a — 3y d 



Produfi; x^amd 12 dza 9yyp 2ddz, 

14.. And if there are two or more Quantities with Co-efficients 
conne£led by the Signs 4- ^^ "^9 ^^ ^ multiplied by any Quan- 
tity and its Co-efficient, they are multiplied as in the lafi: Article, 
only connecting the feveral particular Produ£b together yfiih 

their proper Signs as was done at Art. lo. 

Exam. 
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Exam. I. Exam. 2. Exam. 3. 

Multiply 2a + 2^ SJ' + S^ —2^ — 2^ 

By 3 M 5 «» — 3 « 



— -^ — _^ — - — ^ 

Produft 6iim-f-9^''' i$ym'\'2^dm 6yz-|-6ztf 

£;^ji7i. I. Multiplying 2 ^ by 3 m the ProduA is 6tfm» by 
vrhat has been already taught^ Art. 13. and then multiplying 301 
by 3 ^ the Produdl is 9 ^ m, to which prefixing the affrmative 
Sign, as the Signs of 3^ and 3m are alike, and we have bam 
J^abm for the Product required. 

kxam. 2. Multiplying 3y by 5 « the ^roduft is T^ym^ by 
the laft Article ; then multiplying 5 m by 5 ^ the Product is 
25 dm^ to which prefixing the affirmative Sign, as the Signs of 
^ d aiid 5 m are both alike,' and we hav« \^ym -f- 25 ^/n for 
the Produdl required. 

Exam, 3. Multiplying 2y by 3% the Produft is 6y %, by the 
laft Article, and becaufe the Signs of 2y and 32 are alike, 
being both negative, hence by Art. 9. the Produft of — %y and 
*— 3 25 is by % or -|- 6 y «. Again, Multiplying 2 ^ l^ 3 z 
the Product is 6 ^ z, to which prefixing the affirmative Sign^ as 
the Signs of 2 tf and 3 % are both aKke, we have 6y%-^6za 
for the Produd requiroi. 

» 

Exam. 4. Exam. 5. Exam. 6. 

Multiply 3w+2y — 2d — 3»i — 3^ — ymy 

By 6« — 4« — 2tf 



■n*** 



Produ£l iSma'^i2ya ^da^izma bya-^-i^amy 

Exam. 4* Multiplying 3xn by 6^ the ProduA is iSma^ and 
multiplying 2y by 6 a the Produ£l is 12 ya^ and placing the 
Sign -f* before the I2y^, becaufe the Signs of 6 a and 2y aie 
alike, we have iSma -^ 12 y a for the Produd required. 

Exam^^. Mu ltiply i ng .2d by 441 theProdu^ is Sda^ and 
becaufe the Signt 0f 2d and 4a are alike, being both nega- 
tive, therefore Sda or ^Sd a is the Produft of thefe Quantities. 
Now multiplying 4a by,3w the Produft is i2ma, to which 
prefixing the affirnrmtive 'Sign, as 3 m and 4 a have the fanie 
Sign, both being negative, and we faave 8 da ^^12 ma for the 
Produft required. 



\ 



^xam^ 
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J^xam. 6. The Produft of -— 3;^ by — 2 a is 6j^ ^, or -f- 6 jr a^ 
for the Rearon in the laft Example ; and for the. fame Reafon 
the Produft of — "] my by — la is i\amy^ or -^l/^amy^ 
hence we have f)ya'\-i/^amy for the Produ^ required. 

Multiply —3,^ — 2i — 22 — 37 — ^d — 5 m 
By — 4« '■r^/^a — ^ b 



Produd ^^ma^%da Sza-^-izay Sdh'+iomb 

15. Atii if there are two or more Quantities with Co-efficients 
connefled by the Signs 4- or — , to be multiplied by two or 
more Quantities with Co-eificients connected in the fame Manner, 
the Quantities are to be multiplied as at Art. 12. taking due Care 
to muiripjy the Co-efficients as has been taught* Art. 14. Thus, 

Multiply 2 J -{-3^ 
By 3^4-5^ 



baa-^gab the Produd of 2 ^ -f' 3 ^ multiplied by 

3 Of by Art. 14. 
loma-^-i^bm the Product of 2^+3^ multiplied 

by 5 »f, by the fame. 



baa-^^ab-^ 10 ma-^i^bm the Produft required, 
being the Sum of the two particular Produ£ls wliich are added 
together by Art. 6. 

Multiply ^m-^sy 
fiy 2 tf + 3 n . 



6^«+iOtfy the Produft of 3 « -f- 5 y 'multiplied 

by 2 tf, by Art. 14. 
^mn-^iSyn the Produft of 3^4-57 multiplied 

. by 3 w, by Art. 14. 



bam^ lOay^qmn^ iSy^ ^^c Produfl required, 
being the Sum of the two Produfts which are added together 
by Art. 6. 

Multiply 2^ + 3* 
By . 2 <? + 2 ^ 

^aa-^eab the Produft of 2/7 + 3* multiplied by 

2 a^ by Art. 1 4. 
/^ab'\^6bb the Produd of 2^ + 3* multiplied by 

2 3, by the fame. 

- ^ AaaA'ioab'^tbb the Produft required. In this 
^ * * £ Addition 
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Addition the Reader is to obferve that in one Line there is 6ab^ 
and in the other Line there is 4 j i, which two Quantities being 
added together the Sum is 10 tf^, by Art. i. but the 4^17 and 
6 b b being different Quantities, they are fet down by Art. 6. 
hence the Produ£i: of 2 a -f* 3 ^ multiplied by 2 a -{^ 2 by is 
^aa-^ 10 ab^bbb. 

Multiply 3^ + 7* 3^ + 2* 

By 2a + sn ^ + 4* 

6a a'+ I4.b a 2aa'\'2b a 

1$ a n ^ 2S ^ ^ 12^^4-8^^ 



Produ£t 6tfj-|- 14*^-1- 15 ^jf«-f- 35 i« 3^/7+ 14*^+8** 

16. Cafe 3. When the Signs of the two Quantities that are 
to be multiplied are one affirmative and the other negative, then 
multiply the Quantities as before direded, but to their Produdl 
prefix the negative Sign, or — . 

Exam, T. Exam. 2. Exam. 3. Exam. 4. 

Multiply — b — a "^am "^dm 

By a d y % 



Produ£t — itf '^ad -^amy ~^dmz 

Exam. I. The Product of b by a is ba^ for Multiplication is 
no more then joining the Letters, but as the Sign of b is — , 
and that of a is +9 therefore to ^ a prefix the Sign — , fo is 
^*^b a the Product required. 

Exam. 2. The Produdl of <? by ^ is a d^ but as the Signs of 
a and d are different, therefore prefix the Sign -—to ad, and 
then will -^a d he the Produd required. 

Exam, 3; The Produft of am by y is amy^ but as the Signs 
of a m and y are different, therefore prefix the Sign — to « my, 
ib is — a my the Prodaft required. 

Exam. 4. The Produfl: of dm by z is dmzy but as the 
Signs of dm and z are different, therefore prefix the Sign — ^ 
to dmz<i fo is — dmz the Produfl: required. 

This Operation being the fame as at A^t. 9. only taking Care 
to make the Sign — . I fhall only fubjoin the following Ex- 
amples for the Exercife of the Learner. 



Multiply 
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Multiply X m '^ym —- ^jr ma 

— y d dy — ^ 

■ I ■ ■■ » ■ ■ ■ ■ < 

Produd "^xmy ^-^ymd — axdy ^-^map 

17. And if two or more Quantities with Co-efficients are to 
be multiplied into any one Quantity, they are multiplied, as at 
Art. 14. only due Care muft be taken of the Signs ariilng in 
' theProdua. 

Exam. I. Exam, 2. ' Exam. 3. 

Multiply —3^ — 2« 2y + 5i —Sot — 2jf 

By zm — 3^ 3^ 



— 941W — 6zm -^ Say-^i^ad — i^md — 6dy 

Exam. I. Multiplying 3^ by ^m; the Produft by Art. 13. is 
9 A m, but as 3 xn has the Sign J^ prefixed to it, and 3 a has the 
Sign •— prefixed to it, therefore to the ProduA gam prefix the 
Sign *-, by Art. i6. Again, 22 multiplied by 3^ the Pro* 
dti^ is 6 2 OT, but as 2 2 has the Sign -— to it, and 3 m the Sign 
-4-, therefore to 62i» prefix the Sign -— , by Art. i6. and we 
have ' -— 9 tf OT *-*- 6 2 191 for the Produd required. 

Exam. 2. Multiplying 2y by 3^, the Piodod is Say, but 
as the Sign of 2 > is -(-, and that of 3 tf is -— , therefore to 6 ay 
prefix the Sign — , by Art. 16. Then multiplying 5</ by 34 
the Product is 15 a d^ but as the Sign of 5 J is +, and that of 
2 a is — , therefore prefix the Sign — to 15 ^^> by Art. 16, 
and we have •— 6 u y — 15 tf rf for the Produ6l required. 

Exam. 3. Multiplying 5 m by 3 ^, the ProduA is 15 m d^ 
but as the Sign of 5 m is -— >, and that of 3 ^ is -4^, therefor^ 
prefix the Sign — to 15 /n d. Again, multiplying 7,y by 3 d^ 
theProdufkis f>ydy but becaufe the Signs oi 7,y and 3^ are 
difierent, therefore prefix the Sign -- to 6dy^ and we have 
— 15 OT ^ — 6 dy for the Produft required. 

Examples for the Exercife of the Learner^ 

Multiply — 2a — 3i 3»-4-7y — 5y— 3* 

By 42 -^2 J 3;w 



Product — 8j2-^?2^2 — bmd — i^dy — iSyw — '()bm 

.18. And if two or -more Quantities with Coefficients are to 
be multiplied with two or more Quantities with Co-efficients, if 
their Signs are unlike yet they are multiplied as at Art. 15. 
taking due Care of the Signs of the Produdt, by Art. 9, and 16. 

E % ' Multipl; 
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Multiply — 3^ — ^« 
By 4*4-6;^ 



— • I2tf 3 — Zbm thcPfoduftof — '^a — %m multiplied 

by 4^, by Art. 17. 
•— 18 J J? — 12 ym the Produft qf — 3 ^ — 2 jw .multi- 
plied by 6^, by Art. 17. 



•— I2tf* — 8^/« — 18^;' — i^ym the Produ£l required^ 
being the Sum of the two particular Produ^, which are added 
by Art. 6. 

Multif^y 5y + 3^ 
By — 7^_3« 



-— 35)^i — 21 dm thcProduftof 5>' + 3»» multiplied 

by — ' *] d^ by Art, 17. 

„^j^ay — g a m the Produft of 5 ;> + 3 w multiplied 

by — 3^1, by Art. 17. 

-r-35y^ — 2i^«»— i5^j — 9tf>w the Pxodu6l required^ 
being the Suogi of the two jparticular FroduSs, w^bich jax€ addc4 
.by Art. 6* 

Multiply 2^ + 3^ 
By — xfl^gi 



~ 4 ^j ^ — fr^ A the Produft of 2 j 4. 3 * multjpliei 

by — 2 ay by Art. 17. 

*-.6tf*— 9^^ the Produft of 2 <? -f- 3 ^ multiplied 

by — 3 i, by Art. 17. 



! — 4a<z— i2tf^^ — .9 ^ ^ 4he Produfl required: For 
in this Addition the jR^eadci may Qhfervc that there is — 6 a b 
jn each of the two .particular ProduiSb, which being .added toge- 
ther by Art, i, .they will Jixake — 12 a b^ but — 4. a a and 
"^g b b being different Quantities, they snuBt be placed .fepar«te 
from one another. Titiere are Examples of this kind at Art. 15. 
19. It may be for the Scholar's Advantage to be put in Mind 
that if any Algebraic Qijaotiues are to be ' multiplied by a pure 
Number, that then this Number is to be multiplied into ev^ry 
one of the Co-efficients of the . other Quantities, In all refpefts as 
before, and to each particular Produd fet or join that Quantity 
\l^hofe Co-efficient was multiplied. Thus, 



JEi^amj^ 
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Exam. I. Exam. 2« Exam. 3. 

Multiply 2a + 2^ •— 3»i — 44? 4^+37 

By? 6 7 9 



Produd 12^4-. 1^6 —-21191 — 28 J 36^ + 27> 

E^am* I. Mu1ti{dyiiig 6 (b j ^ <d)e Produ£l is 12^ to which 
joining, ii Jt is laa^ then jnukiplyiog 3 by 6 it is 18, to which 
joining b it is 18 hy and becaufe 6 and 3 b have both the Sign 4-« 
thei^ocehy Art. 9. prefix th^^ign 4- toltS^, fo is iia'\'i%b 
^e Rrod4i<9; cequired. 

Exam. 2. Multiplying 3 by 7 it is 21, to which joining jn it 
is oi 401, but as .theSign of 3 jn is — ^, and that of 7 is -f-, there* 
foce i>y Art. if>. prefix the Sign *— to 21 ivi, and it is — 21 m. 
Again, multiplying 4 by 7 it is 28, %o which joining ^ it is 
28 d^ but &s the Signs of 4 ^ and 7 are likewife unlike, there 
fore to 28 d prefix the Sign — , fo will — 21 m-^ 28 ^ be the 
ProduA required. 

Exam. 3. Multiplying 4 by 9 the Produd is 36, to which 
joining ^ it is 36 d^ and becaufe the Signs of 4 ^ and 9 are alike^ 
therefore it will be 36^, or -f-S^^^ .and juukiplying 9 by 
3y the Produ£l will be 27 y, to which mi^ -be pwfixt the Sign 
^, becaufe 3^ and 9 have the {ime Sign, fo is 36i-|-^7J^ 
the Pjxx1u& lequised. 

Examples wherein all the three Cafis of Multiplication are 
proflaiAsiioufly u/ed. 

Multiply a fl r- 3 * 
fiy S^'+'^y 



jowa— 15 mff 
^ay-^f>yb 



« " ■ II ■■! I ■■ g l | I»l— i«i1— 

PcoduA i^ma^^i^mbJ^^ay'^byb 

The 7. a being multiplied by 5 w the Produfl is 10 ma^ by 
Art. 13. and — 3^ being multiplied by ihe fame 5 w, the Pro- 
duft is — 15 »!*, ty Art. 16 and 17. 

And tbe 21? beiflg multiplied by 2y the Produft is 4^!?;', by 
Art. 13. and — 3* multiplied by 2y the Produdl is — 6yb^ 
by Art. 16 and 17. 

Now draw the Line, and begin to add them, and becaufe the 
Quantities are all different, they are added by Art. 6. and thtre- 

fore the Produft will be 10 ma — iKmb + A^ ^y — ^^ ^: , . , 

Multiply 
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Multiply .— 7 « -f- 2 tf 
By 3J^-^4« 

— ' 21 « j^ ^b ay 
28 m ii — 8 » tf 



Produdl — 21 my -}- 6 12;' -f- 28 m ii — 8 « a 

The — r 7 iw multiplied by 3y the Produd is — 21 my, by 
Art. 16 and 17. and 2 a multiplied by 3 y the Produd is 6^/, 
by Art. 13. 

And — T m multi{llied into -— 4 if the Produd is 28 m », by 
Art. 13. and — 4 n multiplied by 2 the Produd is — • 8 » ir^ 
by Art. 16 and 17. 

Now begin the Addition, and becaufe the Quantities are all 
difierent, they are added by Art. 6. and the Produ£l is found to 
be — 21 my 4- 6 <»y + 5fc8 m « — 8 « <y. 

Multiply 2 a^^ ^i 
By 2 a — 3 * 



^ a a '^ 6 a b 
*— 6 a b -r- () b b 



Produft 4 tf fl — 9 * A 

Multiplying the 2W7 by 2 tf the ProduA is 4 a a, and multiply- 
ing the 3 i by 2 tf the Produ6l 1% bab. 

And multiplying the 2 ^ by — 3 j the Produ£t is — bab^ 
becaufe the Signs of the two Quantities are unlike, and for the 
fame Reafon the Produ£t of 3 ^ by — 3 *, is — 9 ^ ^. 

Now begin the Addition, and I obferve in the firft Line there 
is -^bab or bab^ but in the feoond Line there is ""-^bab^ 
now becaufe the Co-efficients are equal and the Quantities alike, 
but the Signs being contrary, therefore by Art. 5. thefe Quanti- 
ties will deftroy one another^ then putting down the 4 a a and 
qbb^ by Art. 6. we have for the Produd required 4 ^ a — 9 i ^. 

Multiply 7 m + 4 fl 

— 21 m'a "^ 12 a a the Produfl: of 7m-|-4tf multiplied 

by— 3^. 
2S m '\' 20 a the Produfl of 7 m -(- 4 j multiplied 

by 5, by Art. 19. 



Produfl: — . 21 w j — . I2 ^ ^ + 35 «?i + 20 « 

Multiply 
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Multiply s tf + * 
By 2 fl + 3 * 



ioaaJ^2ai the Pnxlud of 5^-4-^ multiplied by 2a. 
15 a ^ .f. 3 ^ & the Pfoduft of 5a-|-^ multiplied by 3^. 



ProduA loa + ijai-^^^^ 



DIVISION, 

In which there are four Cafes. 



20. Cafe I.TT7HEN the Signs of the Quantities to be di- 

Y T vided are either both afErmative, or both ne« 
gative> rejed all thofe Quantities in the Dividend and Divifor that 
are alike, and fet down the Remainder, prefixing to it the Sign 
4-9 which will be the Quotient required. 

Exam. I* Exam. 2. Exam. 3. Exam. 4* 

Divide ab dm — mh ^-^ap 

By tf ^ — m — ^ 

Quotient i m n 



-*■ 



Exam. 1. Becaufe a is both in the Dividend and Divifor, 
therefore I rejed it, and there being then only b left, it is the 
Quotient fought, and it has the Sign -f*9 becaufe the Signs of 
a h and a are both alike. 

Exam. 2. Becaufe d is both in the Dividend and Divifor, 
therefore I rejefl it, and there being only m left, it is the Quo- 
tient fought, and its Sign muft be -}-, becaufe the Signs oi dm 
and d are both alike. 

Exam. 3. Becaufe m is both in the Dividend and Divifor, 
therefore I reje^ it, and n being only left I write it down for the 
Quotient fought, which muft have the Sign +, becaufe m n and 
m have both the fame Sign. 

Exam. 4. Becaufe p is in both the Dividend and Divifor, I 
reje£l it, and place down a the Quantity left, for the Quotient 
fcught which muft have the Sign 4-> for the Signs oi ap and p 
are both alike. 

Exam. 
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Exam. 5. Exam. 6. Exam. 7; Exam. 8. 

Divide emd --^apy mid ^^pgyz 

'By am '^Py ^^ •*-«• 



Quotient d a d y m 

♦ 

' Exam. ^. BccauK dm 5 BofB \h tHe'DIvicfcnJ ariJDivilbr, T 
rejeA it, and place down d for the Quotient, which muft have 
the affirmative Sign, for the Sign^ oi aihd and a M are 
alike. 

Exam. 6. Becauie py is both in the Dividend and Divifor, I 
rejeA it, and place down a the remaining Quantity for the Quo- 
tient, which muft have the affirmative Sigrt, foi^ the Signs of 
apy and py are alike. 

^ Exqm. 7. Becaufe ma is both in the Dividend and Divifor,^ I 
fcjedl it, and place ddwn d for the Quotient, which mtift hdve 
the Sign -f-, betaufe the Signs <A mda and in a zxt alike. 

Exam. 8. Becaufe % is both in the Divrdfend and Divifor, t 
fejeft it, ind place doWn j^ 1^ or fHyy Which is the faifte thing; 
for the Quotient fought, and vt^icii nitfd: have th^ Sign 4-> be* 

caufe the Signs of myzwx^ z are alike. 

, . . . .. ■ 

Divide apz '^^mnd '-^abc ahdf 

By a % "^ m d — r ^a y 



Quotient p n a b hi 

The Truth of thfefe Operations in lilvifion may b6 proK^ed 
Kke thofe m Multiplication, fo:^ the Qgoltient and DtvMbr being 
multiplied, the Produft will be thfc Dividend if the Work is 
true ; thus in the fecond Example of the laft fouf, by muftiplying 
n the Quotrent into — thd the £)ivifor, the Produdl is m d «, 
or mnd^ to which chuft be prefixt the Sign — , by Art. 16. be* 
caufe the Signs oi md and n are unlike, hence the Produ£i With' 
its Sign is'—mndy the given Dividend. 

And in the laft Example, if we multiply b d the Quotient by 
ay the Divifor, the Produfl is bday, or abdy Which is the 
fame thing, by Art. ri. and this Quantity muft have the affirma- 
tive Sign, by Art. 9. for the Signs of b d and ay arc alike, 
hence -^-ab dy, ox ab dy^ is the Produd with its Sign, the fame 
as the given Dividend : And fo of any of the other Examples. 

21. But if all the Quantitiies in th^ Divifor are not to be found 
in the Dividend, then you muft only reje£l thofe Quantities in 

the 
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the JjMdtmi and Divffelr that or^ alike, j^acing down tlie re- 
Aainidg Qtiantities df the Dividend, and under them thofe of 
the Divtfor that are not to be rejeded by this Rule, and this 
will be the Quotient ibttght, and ftand like a Vulgar Fradiion in 
common Arithmetic. 

Exam. I. Exam. 2» Exam. 3. Exam. 4^ 

Dhrjde amt '^mndz — dayp pnqr 

By ay ^^mna --^dpz pad 



^ * .' mi d z ay n a r 

Quoltieot , — — — -^- 

^' \' . \ y ' a % ad 

£^am. I. Becaufe tf is in both the Dividend and Divifor, fe« 
je£l it, and place down m b the remaining part of the Dividend, 
HBfleff which dnMrfng a Line^ and phce / the remaining part of 

the Divifor, {o will — be the Quotient fought, and which 

. ' . y 

muft have the Sign 4-9 by Art. 2o. as the Signs of the Quanti- 
ties, to be divided are aliix. 

Exam, 2. Becaufe m n is in both the Dividend and Diviibr, re* 
jeftjl, ani place' down dvt xhc i emaUiin g part of the Dividend^ 
ttoder which, drawing a Line, and place a the remaining part of 

' ' dz 

Itst tytTifotj fo is --^ the Quotient required, and tt mufl have 

a 

the Sign -}-> by Art. 20. as the Signs of the Quantities to be 
ditided' ave afike. 

Exam* 3* Becaufe dpm in bodi the Dividend and Divifor, 
fejfift it^ auKi .write down ay the remaming part of the Dividend, 
ttddftr wihicb place si the xemauung part of the Divifor, as in the 

two former Examples, fo will — , or -f^ — be the Quo* 

z z 

tient required, for the Signs of the two Quantities to be divided 
are ali'lie. 

Exam. 4. Becaufe p is in both the Dividend and Divifor, it- 
jed' it, and write down nqr the remaining part of the Divi< 
dend^ unddr which.place a d the remaining part of the Divifor, 

and --— is the Quotient required, which will be affirma- 

tivc by Art, 20, becaufQ the Signs of pnqr and pad are alike. 

F Divide 
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Divide — apqn adz . mud '-^yzdb . 

By — anm ap ma -., —)p ,««.:,., ^ 

Qp a dz hd- d b '^' 

»i p a ,d , 

Now tbefc Operations arc proved 9s at Arc. 20. byniultiplying the 
Qdotientty the Divifbr j For in the laft Example the Qljiotient is 

/7 h ^ ... 

— , which is a Frafilion : the Divifor is "^ytca, which bV thc?-Rak» 

a v.. 

of Vulgar Fraftions rn common Arithmetic irmadirthis improper 
Fraftion — , then the two Fra£):ion3 to be multiplied are 

-— , and — ^ , multiplyirigtheNirmerators wcKavfciijr%tf, 

for the new Numerator, and multiplying the Denominators we 
have a for the Denominator, hence thd Produdl is this Fra<3ioa 

dbyza ' • ;' 2 ^ , ' ! p. ' db , ' 

— ' • but as has the negative oign, and — has 

a I . . . .. » tf * I 

the afErmative Sign, therefore by Art. i6. prefix the Sigil '"^"taf 



( < IV • 



dbyza' -- • dhyia ' ' >. ' 

— " and it is , tb^ Produa with its ftrufi jS^r 

a . a. 

But in this Fra£lion as — dlyza is to be divided by tf , rejeft- 
ing a both in Dividend and Divifor by ^rL 20. wehaye ^-^dbyz, 
or ^ — yzdb^ the ifame with the Dividend iif-the given Example^ 
in like Manner may any of the other .becproved. * | : ^ 

22. And if there are two or more Quantities coiuiedcdibjr 
the Signs -^ or — to be divided by any, fingle Quantity, every 
Quantity in the Dividend muit be divided by the Divifor, fetiihg^ 
down the particular Quotients, as< at Art. 20. which muft be' 
conneded by the Sign 4*, when^the Signs of the Quantities to be 



f 



Exam, I. Dividing ^ji by a the Quotient is i,. by Art» 20.j 
and dividing am by a the Quotient is w, by the fame Art. but 

as 



divided are both alike. 


«■ < ". 


I * MS • 


Exam, I. 


Exam, 2. ' 


1 

Exam, 3-: .. 


Divide a b-^a fif 
By a 


m d-^mz 


v 

'-'da' — dpq 
— d 

' II .1. ,' ' 


Quotient b -^ m 


• ^ + ^ . • ,. . 


... «-»-/? 
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fl8 a m and a have both the afErmative Sign, therefore to m pre- 
fix the Sign +, fo is b-^.m the Quotient required. 

Exam. 2. md being divided by m the Quotient is d^ by Art. 20. 
and dividing mzhy m the Quotient is z, to* which prefixing the 
Sign -4-, as m z and m have both the fame Sign, we have ^ 4- z 
for the Quotient required. 

Exam. $- da being divided by d the Quotient is a, and be- 
cauic da and a have both the negative Sign, or the Signs are 
alike) therefore a muft have the Sign 4-) whence it is -{-a or a^ 
and dividing dp q by d the Quotient is p ^, to which muft be pre- 
fixed the Sign -{-, for the Signs of dp q and d are alike^ hence 

we have a-^-pq for the Quotient required. 

« 

Exam. 4. Exam. 5. Exam. 6. 

Divide •— ji — «»» ^^Ti-f^^n • — zyp-^zya 
By — tf A — zy 



Quotient i ^ m m'+*n ^ + ^ 

Exam. 4. Dividing tf ^ by tf the Quotient is ^, by Art. 20. 
and it muft be -f- ^ or ^, as the Signs of ab and ^ are alike : 
then dividing am by a the Quotient is m, and becaufe the Signs 
of a m and ^ are alike, therefore by Art. 20. prefix the Siga 
-{- to m, and 3 -4-* m is the Quotient required. 

Exam. 5. Dividing bmby b the Quotient is fn, by Art. 20. 
as before, and dividing bn by b the Quotient is n^ and 2s bn 
and b have both the fame Sign, therefore prefix the Sign -{- to », 
fo is m-^n the Quotient required. 

Exam. 6. Dividing ^-^zyp by — zy the Quotient is ^^ by 
Art* 20. and dividing — -zy^ by — -zy the Quotient is a, to 
which prefixing the Sign -}-, for the Signs of zy a and zy are 
alike, we haye p^a for the Quotient required. 

Divide -^r^dnz'^zad am-^-ad — dy — dz 
— z d a — • d 



Quotient -«-+-« m-^ d y + z 

The Truth of thefe Operations are proved by multiplying the . 
Quotient by the Divifor, if that Produft is the dividend the 
Work is true, other wife not. Now in the laft Example the 
Quotient is y-|-2, and the Divifor — d^ which being multiplied 
together by Art. 14. they produce — dy — dz the given , 
Dividend. 

F 2 23. Caf^ 
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23. Cafi. 2. Whm the Signs of the Quantitied to be 4i^ded 
are one affirmative and the other mgatiw^ find the Quotient of 
the Quantities as before | but to them prefix the negatm'Sign, 
or the Sign — • 

Exam, I. Exam. 2. * Exam. 3. Exam. 4* 

Divide "-^am "^mnp > ayz. dmb 

By a m ^-^^ ay ~^i 



Quotient — iw • — np — z — w 

Exam. \. Becaufe a is in both the Dividend and Diviibr, 
therefore reje£l it, and place down m the remaining part of the 
Dividend, but as the Signs di am and a are different, therefore 
to m prefix the Sign — , and it will be *^ 02 the Quotient 
required. 

Exam. 7,. Becaufe m is both in the. Dividend and Divifor, 
therefore rejedl it, and place down np the remaining part of the 
Dividend, but as the Signs of m np and m are different, there- 
ibre to »^ prefix the Sign. — , and it will be — np the Quotient 
required. 

Exam. 3. Becaufe ay is both in the Dividend and Divifbr, 
therefore rejeA it, and place down z the remaining part of the 
Dividend, but as the Signs of t?;' 2; and ay are different, there- 
fore prefix the Sign — to z, and it will be — %, the Quotient 
required. 

Exam. 4* Becaufe dt in both in the Dividend and Divifbr, 
therefore rejedl it, and place down m the remaining part of the 
Dividend ; but the Signs of the Quantities that are divided being 
different, therefore to m prefix the Sign — :, and it will be -^m 
the Quotient required. 

Divide '•^mnp -^mnp dyp dab 

By m m n ^-^ d y ^^ dh 



Quotient "--np — p — ^ *— <? 

24. And if there are two or more Quantities connected by 
the Signs -f- or — , to be divided by any fingle Quantity, the 
Operation is the fame as at Art. 22. only taking due Care that 
when the Signs of thofe Quantities to be divided are different, 
to prefix the Sign -^ before thofe Quotients. 



Exam* 
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Exam. I. Exam. 2, Exam, 3. 

Divide — «i«-— ^rf aJ^ab — ^inz — Jzj 

By m — a d z 



I 

Exam. I. Dividing mn by m the Quotient 18 », by Art. ao. 
but as the, Signs ot mn and m are different, therefore by 
Art. 23. I prefix the Sign — to », and it is ~ »• And di- 
viding md by m^ the Quotient is i^ ; but as the Signs of md and 
n are diiFerent, therefore by Art. 23. prefix the Sign — to ^4 
hence .^^n-^^d Is the Quotient required. 

Exam. 2. Dividing ad by a the Q^tieot is d^ to which the 
Sign -— muft be prefixt, by Art. 23. which makes it^^d: then 
dividing abbya the Quotient is b ; but as the Signs ofab and a 
are diflFerent, therefore by Art 23. prefix the Sign — - to i^ (9 
— ^— .^ is the Quotient required. 

Exam. 3. Dividing — dnz by ^z the Quotient is *— ir, by 
Art« 20 axid 23. and for the fame Reafon dividing — i/zy by 
^Z) the Quotient is — y, which placing after -— », we have 
*— «— jr &Mr the Quotient required. 

Divide maz-^mxd '^^dab'^dby "^azM-^razk 

By—- OTz d b a z 



Quotient —i< •^— rf '•^a-^y — jf — A 

The Truth of thefe Operations are likewife proved from 
multiplying the Quotient by the Divifor, and if it makes the 
Dividend, the Work is true, otherwife not. 

25. Cafi 3. But when there are Co-efficients joined to the 
Quantities, divide the Co-efficients as in common Arithmetic ; 
and to their Quotients join the Quotient of the Quantities found 
by the foregoing Diredions; but cautioufly remember that if 
the Signs of the Quantities that are divided are alike, the Quo- 
tient mufl have the affirmative Sign, as at Art. 20. but if the 
Signs of the Quantities that are divided are unlike, then the 

Quotient muft have the Sign — prefixt to it, by Art. 23. 

» 
Exam, I. Exam. 2. Exam. 3. Exam. 4, 

Divide -16 am Syz — 2^dm — iSm^ 

By 2 a 2z — 6d — 6a, 

..I M ■ '■'■ 

Quotient im 4y 4« 3"» 

Exam. 
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Exam, I. Dividing 16 by 2 the Quotient is 8^ and am di- 
vided by a the Qaotient is niy joining 8 to the m it is 8/v, and 
as 16 am atid 2^ have both the fame Sign, hence by Art 20. 
the Sign -(. muft be prefixt to 8//2, therefore the Quotient is 
+ 8«t or 8wi. 

Exam, 2. Dividing 8 by 2 the Quotient is 4, and dividing 
7Z by z the Quotient is y^ joining the 4 to the y it is 4y; 
but as Sjrz and 2z have both the fame Sign, therefore by 
Art. 20. prefix the Sign + to 4;^, hence + 4y or ^y is the 
Quotient required. 

Exam, 3. Dividing 24 by 6 the Quotient is 4, and dividing 
dm by d the Quotient is m^ joining 4 to the m it \s ^m\ but 
as 2^ dm and 6 d have both the fame Sign, therefore prefix the 
Sign + to 4 «, hence -4- 4 »i or 4 m is the Quotient required. 

Exam, 4. Dividing 18 by 6 the Quotient is 3, and dividing 
ma by a the Quotient is iw, joining 3 to the m it is 3 »i, and 
as iS ma and 6a have both the fame Sign, therefore by Art. 
20. the Quotient is -|- 3 /ti or 3 xn. 

Exam, 5, Exam, 6. • Exam. 7, Exam. 8. 

Divide .^i^ay ^^Sdm ^ 2Syz — 12 da 
By 3^ —44 — 7y 3^ 



Quotient — 5y 2»i — 42 — 4 

Exam. 5. Dividing 15 by 3 the Quotient is 5, and dividing 
ay by a the Quotient is y, joining 5 to the y it is 57, but as 
the Signs of 15 ay and 3 a are different, therefore by Art. 23. 
prefix the Sign — to 5 y, and then — 5 y is the Quotient 
required. 

Exam, 6. Dividing 8 by 4 the Quotient is 2, and dividing 
dm by d the Quotient is /», joining the 2 and m it is 2 /» ; but 
as 8^f^ and ^.d have both the fame Sign, therefore by Art 20. 
prefix the Sign + to 2 w, and then + 2 w or 2«i is the Quo- 
tient required. 

Exam, 7. Dividing 28 by 7 the Quotient is 4, and dividing 
yz by y the Quotient is z, joining the 4 and z it is 42; but as 
28 y 2 and 7y have different Signs, therefore by Art. 23. prefix 
the Sign — to 42, fo will — 4 z be the Quotient required. 

Exam. 8. Dividing 12 by 3 the Quotient is 4, and dividing 
da by a the Quotient is ^/, joining the 4 and ^ it is 4^; but as 
the Signs of 12 da and ^a are different, therefore by Art. 23. 
prefix the Sign — to 4 </, and then -— 4 </ is the Quotient 
required. 

Divide 



f 
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— 8ot g a ityn 


ibaz 
— 8z 



Divide 
By 

Quotient 4^: 2 dz .. — %m — 2a 

26. And if there are two or more Quantities connefted toge- 
ther with C6veffictents, to be divided by any fingle Quantity and 
its Co-efficient, the Operatioo is ftill performed in the fame 
Manlier, conaqdiiig the particular Quotients as at Art. 22, and 
24 ; ftill carefully remeipbering that when the Quantities that 
are divided have like Signs, whether they be affirmative or nega* 
tivBy the Quotient muft have the affirmative Sign ; but if the 
Signs of the Quantities that are divided are unlike, then the 
Quotient inuift have the Sign — preiixt to it 

Exam, I. ' Exam. 2, Exam. 3. 

Divide it^am-^\2ad — i6/»j>+24»iz 2%dn — 2idb 
By 2 a ^ — ^m' j,d 



Quotient 2m*-^bd J\.y — 6z 4« — 3A 

Exam. I ;* Dividing /\.am by 2^' the Quotient is 2>w, by 
Art. 25. and dividing 120^ by ^a the Quotient is 6d, and 
becaufe the Sigiis of 2 a and 12 ad are alike, prefix the Sign -Jh' 
to 6 ^/, and we have 2 m -f-* 6 ^ fdr the Quotient required. 

Exam. 2. Dividing — 16 my by — 4wf theQuQtient is 4/, 
by Art. 25. for the Signs of j6 my and 4.m are alike, and 
dividing 24 ot % by— 4 w the Quotient is — 6 z, for 6 z muft 
have the negative Sign prefixt to it, the Signs of 24. mz and 
4 m being unlike ; hence 4jr— -'6z is the Quotient required. 

Exam, 3. Dividing 28 i« by ^d the Quotient is 4», or 
•4*4^7, for the Signs of 2%dn and 7^ are alike: and dividing 
• — 2\dh by 'jd the Quotient is — 3 f, for 3^ muft have the 
negative Sign prefixt to it, as the Signs ol %i db and 7 d are un- 
like, hence 4« — 3^ is the Quotient required. 

Divide i()pa'r^2%pd — 2411^-4- 36^2 i6%u-^^\zd 

By -—4^ — 4^ 2tz 

Quotient — 4^ + 7^ 6« — gz iu — 2d 

The Truth of thefe Operations are proved likewife from multi- 
plying the Quotient by the Divifor, for if the Work is true, 
the Produfl: will be the Dividend : In the laft Example the Di- 
vifor is 2 z,' and the Qiiotient is 8 « — 2 t/, now if we 

Multiply 
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Multiply iu'-^ad 
By 2z 

i6zu — 4zd the Produd the lame as 
the given Dividend, and fo may the other Examples be proved. 

27. Ca/i 4. But when the Quantities in the Diridend are not 
the fame with tbofe in the DivHbry then place dbwh the Dividend 
with its Signs and Co-«fficiencs, under which drawing a Line, 
and after the Manner of Vulgar FraAions place the Divifor with 
the fame Signs it had, and Co-efficients, and this will be the 
Quotient requvr^. 

Exam. I. £xam. 2. Exam. 3. Exam. 4. 

Divide b am 3 my idy 

By a d • z b 



r., . ^ b am 3 /wy 2 dy 

Quotient - — - . -^-^ -— i 

^ ad z b 

Exam. I. Becaufe b and a are different Quantities, therefore I 
place down the Dividend by under which I draw a Line> and 

i 

place the Divifor a^ {o is - the Quotient required. 

Exam. 2. Becaufe am and d ar« diflerent Qiantities, therefore 
place down a m the Dtvidjend, draw a Line ufider it, and placet 

the DIvi£)r dj fo is^ ~- the Quotient requhred*. 

Exam. 3. Becaule 3 my and z are different. Qtiantities, t^exe* 
&re place down 3 m.y the Dividend, under it draw a Line, and 

place z the Divifor, fo is ^— ^ tfie Quotient required. 

Exam. 4* Becaufe 2dy and * are different Quantities, there- 
fore place down 2- dy the Dividiend, draw a Line under if, and 

place A^ the DiviCar, and ---p ir the Quotient required. 

Divide 2 ma 4.dz 21 ma ^yd 

By %y 2y sd. 32 

2 m a 4. d z 2J ma S f d 

■ -■■■■— — ■• »rfi - 

3y ^y 5 ^ 3« 

Divide 



Quotient 
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Divide ma >] i zmhc ^\d 

By 7/ mz yd yyz 

Quotient ""^ "1?" ^ ^ 

Ty mz yd yyz 

28. And if tfaei^e are two or more Quantities conneded bjr the 
Signs -f< or — - to be divided by any fingle Quantity, and the 
Quantities in the Dividend are different from thofe in the 
Divifor, then having fet down sdl the Quantities in the Di- 
vidend with their Signs and Co-efEcients as before, draw a Line 
under 'them ail, under which place the Divifor as before, and 
^his will be the Quotient required. 

Exam* I. Exam. 2. Exam, 3, 

Divide 2<?-|-3i f y — 2 m i^z^^yda 

By $m 3« ^y 



Quotient 



la^^b 7jr-— 2« 15Z — 7</a 

5 3w~ Jn 47 



Exam. I. Becaufe 2 a --^^ if the Dividend and 5 m the Divifor 
are difierent, therefore place down 2 tf -|- 3 ^, under which draw 

a Line, and place the Divifor 5 w, fo is XjL. the Quotient 

Kquired, 

Exam. 2. Becaufe 7;^ — 2« the Dividend and 3» the Di- 
vifor are different, therefore place down 7y — 2my under which 

'7 y ■■■" 2 m 
draw a Ljne, and place the Divifor 3 », fo is ^ the 

Quotient required. 

Exam. 3. Becaufe 15 2 — jda the Dividend and 4y are dif- 
ferent, therefore place down 15 z — j da the Dividend, under 

jc z— » J d a 
which draw a Line, and place 4.y the Divifor, fo is — 



A^y 



the Quotient required. 



Divide 4. ma — 34? y db — 5x« 19 m — 15 p 

By 52 3y jy , 



J^,ma — 2d ydb-^Sx% ig m — 15 ^ 

zy 7/ 

G Divide 



Quotient ^ - ^ 

s« ly ' ^t 
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Divide ^d% — 5* Tym — ^dn ^SdpJ^^yz-^iTrk 
By i.y SJ* 7^ 

Quotient 3^^ — S^ Tym—^dn 2Sdp+sy^—^7m 
^ 2y ' 5« 7^ 

29. And if there are two or more Quantities conneded by 
the Signs <■+» or — , to be divided by two or more Quantities 
connefted by the Signs + or — , but the Quantities in the Di- 
vidend are different from thofe in the Divifor, it is only placing' 
down the Dividend as before, under which drawing a Line, and 
place in like Manner the Divifor, and this will be the Quotient 
required. 

Exam. I. Exam. 2. Exam. 3. 

Divide 2tf-t-m 5y — jd — 14OT+5Z — ii^ 

By 5^+3^^ 3^ + ^^ 3y — ^d 

Quotient 



57 

3« 


+ 


Id. 
2m 


sy 




Td 



2a-\~m sy — yd — i4»i-}-5x — ii*- 



Exam, I. Becaufe the Quantities in the Dividend and Divifor 
are unlike, therefore place down 2 a^-^^m the Dividend with its 
Co-efficients and Signs, under which draw a Line, and place 

2 a I I ffi 
5 ^+ 3y the Divifor, fo is — ^~ — the Quotient required. 

Exam. 2. Becaufe 5y — 7 rf the Dividend is different from 
3 tf + 2 m the Divifor, therefore place down 5 y — 7 ^ the Di- 
vidend, under which draw a Line, and place '^a-\^2m the Di- 

t y _ ^7 d 

vifor, fo is --^ — ~ — the Quotient required. 

3 fl + 2 OT ^^ ^ 

Exam. 3. Becaufe — 14^-4-52 — ii;ir the Dividend is dif- 
ferent from 3y — 2d the Divifor, therefore place down — 14OT 
*-|-<5z*— ii;r the Dividend, draw a Line under it, and place 

<5y — 2 rf the Divifor, and ^ — i-^ — '— will be the 

2y — ^d 

Quotient required. 



Divide 

By 


4OT — 5y 
3^+2Z 

4w — 5y 
3^+2« 


— 2ipOT-f-i92y 
5 d — 2 b . 


I4yz — grfvr 
— 3^ + S« 


Quotient 

« 


21^772 -|- iQzy 

5^—2* 


^3 OT + 5 « 
Divide 
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Divide — -4tf+S»i— 3^ 4<»+3^ — S** 2<fH-3;r 

By 7% — 8;^ — 7</+iiiif — 5% — 7« 



Qootient 






30. It may be juft obferved for the Eafe of the Learner, that 
when any Quantity is divided by itfelf, or the Dividend and Di* 
vifor are alike, that then the Quotient will be Unity ^ or 1. 

Divide ^ab 14 m« •— 5^/2 — 7y 

By ^ab i^mn — S^z — 7y 

Quotient 11 11 

For by Art. 25. If we divide the Co-efficients, the Quotient 
will be Unity, or i ; then, by Art. 20. rejeAing all thofe Quan- 
tities that are alike, both in the Dividend and Divifbr, the 
Quantities all vanifli, and there will be none to be joined to the 
Unity y or i ; whence, in fuch Cafes as thefe. Unity y or i, is the 
Quotient required. 

31. It may be further obferved that if an abfolute or pure 
Kumber is the Divifor, the Co-efficients in the Dividend if there 
are more than one, muft be divided by the Divifor, and to each 
of thefe Quotients join the refpedive Quantities of the Dividend, 
as at Art. 26. 

Divide 24ma+i8yz itza-^^^ym -4-i4yJ-f-35z 
By 6 8 —7 

mmmimmmm^mmmmmmi^mmmtm^ mimm^a^mmmmmmmmmmmmmmmmmmmm ^mimmmm^immmmm^t^^^^mm^i^mm 

^ma-^'^yz 2za-\-'^ym ^-^^yd — 52 

But if the Divifor will not exaflly divide the Co-efficients of 
the Dividend, then place the Dividend and Divifor in the Man- 
ner of Vulgar Frad^ions, as in the foregoing Articles. 

The Method of dividing Quantities by one another, where 
the Quotient will confift of fcvcral Qnantities, being generally 
perplexing to Learners, it will be explained when we fliew the 
Method of folving ^adratic Equations, it being not neceffary 
to the prefent Defign to explain it before we come to that part 
of the Work. 
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Si.'Tp H I S is only the railing of Powers fron* any given Root» 
X and therefore is performed by Multiplication : For the 
Quantity which is given being multiplied by itfelf will be the 
Square of that Quantity^ that Product being multiplied by the 
given Quantity, this Produft will be the Cube of that Quantity, 
and that Product multiplied again by the given Quantity, will be 
the fourth Power of that Quantity ; and fo on as in common 
Arithmetic. 

To find the Cube of a To find the Cube of * 

a b 



The Square of ^ a a The Square of ^ b b 

.a b 



The Cube oi a aaa The Cube of i bbb 

To find the Cube of — - -— — - iy 

%y 



Now 2v multiplied by 2 v the ) ,. c ^c ^ 

Produa will be by Art": 13. J ^J'J' the Square of ^y 



2jr 



* p,ratffi'i?,f.3^ } «." *. Cb. of ., 



To find the Cube of — — — " 3 z 

Now 3 z multiplied by 2 a, the 1 ^v c r 

Produa will be bv A rl t . \ 9 « ^^ the Square of 3 « 

3» 



Produ£l will be by Art. 13. \ 



«» 



And 922 multiplied by 3 z, the I .l ^ . , 

Produa will be by Art. 13. \ 27««« the Cubcof 3» 



To 
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To find the 4tb Power of —2* ' 

— %x 

Now — 2 ;^ multiplied 1 
by -—2;^, tbeProduA > J^xx the Square of — 2;r 
is by Art. 13. J — ia- 

And 4;ir;ir multiplied by ) 

— 2 A-, the ProduaS" -^%xxx the Cube of — 2 ;r 
is by Art. 16. J —2 a- 

And — ^^8;ir;ir;ir multiplied 1 

by — 2^-, the Produfi > i6;r;r;raf the 4th Power ot— 2*'. 
is by Art. 13. 3 

In lUee Manner any other fingle Quantity may be raifed to 
any required Power, and if the given Quantity is compounded 
of more Letters than one, k is done 'm the fame Manner, 
To find the 4tb Power of ^ah 

%ah 

i^aakk the Square of 2 tf A 
%ab 



■•M^ 



Zaaahbb the Cube of lah 



i6aaaahbbb the 4tb Power of lab, 

32. And if there are two or more Quantites connected by 
the Signs + or — , to be raifed to any given Power, it is fliJl 
pevformed by co«moQ Multiplication. Two Quantities when 
conne^ed by the Sign 4», is eosuaoafy called a BinomiaL 
To raife the Binomial, 

or a'+b to the third Power or Ciibe. 
a + B 

aa-\-ab the Prod, of a-^b multip, by a, by Art. 10. 
ab-i^b the Prod, of ^-j-i multip. by b^ by Art. lo. 



aan\^2aiJ^bb Sum of th^ two P^odu^, which is 
a^b the Square of a^b. . 



aaa-^'iaab^^bb the Product of aaJ^iab'^bb 

multiplied by a, by Art. 10. 

aab-^2abb^bbb the Product of aa-^iab-^bb 

multiplied by b, by Art. 10. 



aaa-^^^ab-^^abb-^^bbb the Sum of thefe two Pro- 
ducts, which is the Cube ofa^b. 

When 
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When two Quantities are conneded by the Sign — •» it is 
commonl/ called a ReJiduaL 

To raife the Reftdual 

X — y to the third Power or Cube. 

XX — xy the Produft of at— y multiplied by x. 
* ^xy+yy the Pro duft of ^— y multiplied by — ;f. 

xx—2xy^yy the Sum of thefe two Produdb which 

is the Square of x — y. 

xxx'^2xxy^xyy the Product of xx-^lxy-^yy 

multiplied by x. 
wmmxxy+lxyy — yyy the Produft of xx^^ixy ^yy 

multiplied by — y. 

XXX — Sxxy^^xyy-^yyy the Sum of thefe two Prp- 

dudls, which is the Cube of x — y. 

And. if thefe compound Quantities have Co-efiicients, the 
Work ftill proceeds as at Art. i8. 

To raife the Binomial 

2tf-4-3^ to the third Power. 

4aa+6ab the Produ£l of 2tf-|-3^ multiplied by 2a. ^ 
6alf+gbb the Prod ufl of 2^-f-3^ multiplied by 3^. 

4fltf+i2^*+9W the Sum of thefe two Produas, 

which is the Square of la-^^b. 
2^7 -f.3^ 



Saaa-]^24.aab^iSabb the Produft of 4.0 a + 12 a b 

+ 9 i i multiplied by 2 a. 
'I2aab-^2^abb'\'2'jbbb the Produd of 4^ ^+ 12^* 
+ 9 ^ ^ multiplied by 3 i. 



iaaa^'^6adb-\.^j^abb-^2Tbbb the Sum of thefe 
two ProduiSb, which b the Cube of 2 <? + 3 *. 



To 
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To raife 3«+2> to the third Power* 



gmm'-\-i2my+^yy the Square of Sm-^-iy 
^f^ + ^y 

2J mmm'\'2^mmy'\'i2myy 
lSmmy'\'2^myy^Syyy 



2ymmm+^4.mmy+36myy^Syyy the Cube of 

2m + 2y, 

Xo raife a — 2 b to the third Power. 
a — 2b 

aa'^2ab 

— 2ab-\-4.bb 



aa — /^ab-^-^bb the Square of tf— 2* 
a — 2b 



aaa^^^aab-^^abb 

~2aab+Sabb—Sbbb 



aaa'-^(>aab^i2abb — %bbb the Cube of ii«— 2j« 

In this Example I have placed the fame Quantities under 
each other, for the more commodious adding them, though this 
is not neceflary, and is a Knowledge the Learner will acquire 
from his own Obfervation. 



EVOLUTION, 

WHICH is the ExtraAion of Roots, and therefore op- 
pofite to Involution, and as Equations in which the un- 
known Quantity rifes above the Square are generally adfeded and 
refolved by the Methbd of Converging Series^ we ihall take into 
Confideration the Square Root only ; and endeavour to give fuch 
Directions that the Learner may generally know, whether the 
Square Root of any given Quantity can be extracted or not. 

33. Now fo many Times as any Letter is repeated fo high is 
the Power of that Letter faid to be. Thus, axs a to the firft 
Power: ^ ^ is ^ to the fecond Power or Square, and aaaa is a 

tO' the fourth Power, lie. as in Involution. 

And 
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And to txinSt the Root of any fii&ple Qiiaiititjry oonfiiler how 
many Times the Quantity is repeated, or how high the Power 
of it is, and if it appears to be the fecond, third, fourth, or any 
other Power, divide that Figure which exprefles the highth of 
the Power by 2, and if it does not divide it exadly it is a 
Surd Quantity, and has no Square Root, but if it divides it 
exaAly, fet down the Quantity whofe Root you are extrading 
as many Times as the Quotient of the above Diviiion dire^, 
and that will be the Square Root required. 

Exam, I. Exam. 7.. Exam, 3. 

To extrad the Square Root of aa bbbb bbbbbb 

The Square Root is a bb bbb 

Exam, I. Here a is repeated twice, or to theTecond Power; 
now dividing 2 by 2 the Quotient is i, therefore fetting down a 
once, or a, it is the Square Root required. 

Exam. 2. Here b is repeated fouftimes, or to the fourth 
Power, now dividing 4 by 2 the Quotient is 2, therefore fetting 
down b twice, or bby it is the Square Root required. 

Exam. 3. Here b is repeated fix-times, or to the fixth Power ; 
now dividing 6 by 2 the Quotient is 3, therefore fetting down b 
three times, or bbb^ it is the Square Root required. 

The Truth of thefe Openitions may be proved by Multipli- 
cation, for if the Work n right the Square Root being multi- 
plied by itfclf Will produce the Quantity from which the Root 
was extradl^ed* Thus in Example 2. 

The Square Root is b b 

Which being OHiltii^ted by itfelf b b 



The Produa is the gtven Squatc bbbb 
And fo of any other Example. 

Exam, 4« Exam* 5. 

To extraA the Square Root of aaaa dddddt 

The Square Root is- a a ddd 

Exam. 4. Here a is repeated four times, or to the fourth 
Power ; now dividing 4 by 2 the Quotient is 2, which ihews 
that a muft be repeated twice, that is, a a is the Square Root 

required. 1 

Exam. 



r 
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^dm. 5. Here d is repeated fix times, or to the fixth Power; 
now dividing 6 by 2 the Quotient is 3, which fhews that d 
nuft be repeated three times, and confequently ddd is the 
Square Root required, 

Afid if the Quantity, whofe Hoot is to be extra£ted, has dif- 
ferent Letters, then we muft confider if the Number of Times 
each Letter is repeated can be divided by 2 without any Remain- 
der, and if they can, join the Letters together, repeating each 
fo many Times as the Quotient of the refpcftive Divifion di- 
re£b, and this will be the Square Root required ; but if the 
Number of Times any one Letter is repeated cannot be divided 
by 2, then the whole Quantity has no Square Root. 

Exam, I. Exam, 2. Exam. 3. 

To extrad); the Square Root of aahbbb aaaadddd mmpp 
The Square Root is abb aadd mp 

Exam, I. Here a is repeated twice, and 2 being divided' by t 
the Quotient is i, which {hews a muft be taken only once, or 
a. Now b is repeated four times, or to the fourth Power, and 
4 being divided by 2 the Quotient is 2, which (hews b muft be 
repeated twice, or b b^ now joining a to bb^ I fay, abb h the 
Square Root required. 

Exam. 2. Here a is repeated to the fourth Power, and dividing 
4 by 2 the Quotient is 2, which ftiews that a muft be repeated 
twico, that is, it muft he a a: Again, d is repeated to the fourth 
Power, that dividing 4 by 2 the Quotient is 2, which fhews 
d muft be repeated to the fecond Power, oxdd: Now joining 
a a to ddf we have aadd for the Square Root required. 

By the fame Method of reafoning we (hall find in Example 3, 
that the Square Root oi mmpp W mp. 

But when it is found that the given Quantity has not fuch a 
Root as is required, then the Square Root of it is exprefTed by 
prefixing this Sign ./ before it. 

Exam. I. Exam. 2. Exam, 3, 

Required the Square Root of a bbb ddddd 

The Square Root is Va t/bbb t/ ddddd 

Exam. I. Becaufe a is only repeated once, and as we cannpt 
divide i by 2 and have the Quotient a whole Number, therefore 
I conclude 17 is a Surd Quantity, and accordingly, to exprefs the 

H Squalre 



50 ALGEBRA. 

Square Root of a^ I prefix the Sign i/ to it, fo is ^a the 
Square Root required. 

Exam. 2. Here b is repeated three times, and becaufe 3 cannot 
be divided exaftly by 2, and have no remainder; therefore I 
conclude it b is z Surd Quantity, and to exprefs the Square 
Root of it, I prefix the Sign i/ to it, {ois\/ bbb the Square 
Root required. 

Exam, 3. Here d being repeated five times, and as we cannot 
divide 5 by 2, and have no remainder, therefore I conclude that 
ddddd is a Surd Quantity, and to exprefs the Square Root of 
it, I prefix the Sign ^ to it, fo is ^ ddddd the Square Root 
required. 

34. But to extrafl the Square Root of compound Quantities, . 
or thofe connected by the Signs -|- or — , obferve, 

Firjly That thefe muft be three Quantities to make it a 

" Square, for if there is only two Quantities it is a Surd. I take 

no Notice of any greater Number of Quantities than three, 

which may compofe a Square, as they feldom or ever occur in 

any Operation. 

Secondhfj That thefe three Quantities have generally two dif- 
ferent Letters only ; there may be Cafes in which there are 
more than two different Letters in thefe three Quantities, but as 
they feldom happen, I choofe not to perplex the Learner with 
them. 

Thirdly^ That two of thefe three Quantities are pure Powers 
of thofe two Letters. 

Fourthly^ That both thefe pure Powers -of the two different 
Letters, muft have the Sign -f- before them. 

Fifthly^ That the third of the above three Quantities is always 
twice the Produfl: of the Square Root of the two pure Powers 
of the two different Letters, and may have either the Sign -^ 
or — . Perhaps the Learner may not fo eafily difcover this Par- 
ticular, therefore he may fufpend the Confideration of it till a 
little further. 

Now if the given Quantity, whofe Root is to be extrafted, 
anfwers thefe Particulars, its Square Root may be extracted 
thus. 

Sixthly^ Extra£): the Square Root of the two pure Powers 
of the two different Letters, according to the Diredtions at 
Article 33. 

Seventhfy^ If the Quantity mentioned at the ffth Particular 
has the negative Sign, connedl the two Roots mentioned in the 
laft Particular with the Sign — >, and it will be the Square Root 
required. 

Eighthly^ 
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Eigbtbfyy But if the Quantity mentioned at the fifth Particu- 
lar has the Sign -j-, then conned the two Roots with the Sign 
+, and this will be the Square Root required. 

Now let it be required to extra£t the Square Root of a a 
+ 2ab+bb. 

Here are three Quantities by tht firft Particular. 

They have likewife two difierent Letters, viz, nand b^ by 
the fecond Particular. 

Two of thefe Quantities, viz. a a and b b are pure Powers 
of the two Letters a and by by the third Particular. 

And both thefe pure Powers, viz. a a and b b have the Sign 
-|-, by tht fourth Particular. 

Now fuppofS we negledl the Confideration of the fifth Parti- 
cular, and attempt the Extraction of the Root by the fixtb 
Particular. 

Then the Square Root of a a^ is by Art. 33. — — « 

And the Square Root of bb, is by the fame — — ^ 

And becaufe the third Quantity lab has the Sign -I-9 

Therefore by the eighth Particular, I conne£l a and b with the 
Sign ■+,' then it is — — — — a-^^b 

Hence I fuppofe a-^b to be the Square Root of aa'{'2ab'{-bb. 

Now we may give the Learner a better Idea of the fi/ih Par- 
ticular, for the Square Roots of a a and bb the pure Powers of the 
different Letters are a and ^, which being multiplied together 
gives a by and this multiplied by 2 gives la by which is the 
third Quantity in the Example, and is, according to the fifth 
Particular, twice the ProduA of the Square Roots of the two 
pure Powers of the different Letters a ^d by which are in the 
given Quantity aa-^2abJ^b b. 

But to prove the Truth of the Operation, multiply the Root 
by itfelf, and if the Produdi agrees with the given Quantity, in 
its ^antitiesy Signsy and Co-efficientSy you may conclude the 
Work to be right ; but if it does not, you may conclude that 
the Work is erroneous or elfe that it has no Square Root, and 
is a Surd Quantity. 

The Root of the laft Example ) , . 

was fuppofed to be j '•" 

Which being multiplied by itfelf a -^^b 



aa^ab 
a b'^bb 



aa^lab'^'bb 



The ProduA is the given Quantity, which proves that ^ + A 
^ the Square Root of aaJ^iah ^b bn 

H 2 Required 
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Required the Square Root o(aa-+2%a'\'Z%. 

Here are three Quantities by the fir/i Particular. 

They have like wife two diiierent Letters a and a, by the 
fecond Particular. 

Two of thefe three Quantities, viz* a a and % 2;, are pure 
Powers of a and 2, by the third Particular. 

And both thefe Powers have the Sign + by the fmrtb 
Particular. 

Now the third Quantity 2za is twice the ProdutS): of the 
Square Roots of the two pure Powers a a and z 9. 

Then to extras the Square Root of this aa'{-2za'^zx 
by the Jixtb Particular. 

The Square Root of ^ ^ by Art. 33, i3 -^ -^ a 

The Square Root of 2 z by the fame i« -^ - — » 
fiecaufe the third Quantity 2az h^s the Sign -h* therefore by 
the eighth Particular, connect a and s with the Sign -f*9 and, I 
£i>y» a^z is the Square Root required. 



To try if the Square Root is a 

Multiply it by itfelf a 



z 
z 



aa -^a z 
az^zz 



aa'^2az^zz 



Tbe^ProduA is atf-f-2tfz*f*2:z, which agreeing with that in 
the Example, in the Quantities, Signs, and Co-efficients, it 
appears that aJ^zi^ the^quare Root required. 

To extraft the Square Root of w « -*- 2mp'\'pp* 

Here are three Quantities by the fir^ Particular. 

They have likewife two different Letters m and ^, by the 
fecond Particular. 

Two of thefe three Quantities, viz. mm and pp are pure 
Powers of m and pj by the third Particular. 

And both thefe Powers have the Sign -{-, by the fsurtb 
Particular. 

Likewife the third Quantity -. — 2m p is twice the Produft of 
the Square Roots of the two pure Powers m m and pp. 

Then according to the Jixth Particular, the Square Root of 
I97mis— * — — !- •— -^ -^ m 

By the fame, the Square Root of ^^ is •«-<• «— p 

But as the third Quantity 2mp has the Sign •— , therefore by 
the femntb Particular conne£t m and p with tbc Sign wo^ and» I 
%» iw— ^ is the S<|uar9 Root re^uircdt 



EVOLUTION. 53 

To try if the Square Root is m — p 

Multiply it by itfeif m^-^p 



mm'-^lmp+pp 

The ProdufI: mm^^imp^ppj agreeing .in every thing with 
the given Quantity, it proves m—-^ is the Square Root required. 

By the fame Method of reafoning it will be found that the 
Square Root of %%-^7.z9S+xxj is s-f*^* 

And that the Square Root of tf a *- 2 tf ^ •+ 4? i, is n— -^. 

Anil that the Square Root of xx — 2;rm-f-iniii, is ;ir — m. 

And if it was required to extraA the Square Root of « a -(- ' 4r 

hh 

Here the two pure Powers are a a and — . 

4 

But the Square Root of j a is »— *- — • a 

hb h 

And the Square Root of — , is •— • — «• — 

4 a 

b 

And connecting thefe we have «— •— n -|* "* 

Which being multiplied by itfclf, produces aa-^ba-^^ — » 

bence « •^ -• is the Square Root required. 

Therefore when any one of the Quantities appears in a Frac- 
tmal Manner, we muft extra£l the Square Root of both the 
Numerator and Denominator, placing the Square Root of the 
NnQierator for a new Numerator, and the Square Root of the 
Denominator for a new Denominator, and try the Work as 
before. 

But if we cannot extrad the Square Root of both the Nume^ 
rator and Denominator, then we may conclude, we cannot ex- 
trad the Square Root of the given Quantity. 

Now by this reafoning we flull find the Square Root of ;r ;ir 

+*«+— J to be ^4-^* 

And 
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yy • y 

And that the Square Root of mm'^my-\ is /»— -. 

4 2 

Now fuppofe it was required to extract the Square Root of 
X X -{- 2 X n — n n. 

Here are three Quantities by thzfirft Particular. 

They have likewife two different Letters x and n by the fecond 
Particular. 

Two of thefe three Q^iantities, viz. nn and pp are pure 
Powers of « and ^. 

But both thefe Powers have not the Sign -|- for it is — »», 
therefore by the fourth Particular, I conclude that the given 
Quantity xx -{-Q.xn — nn is a Surd Quantity, and its Square 
Root cannot be extradied any otherwife then by prefixing the 

Sign i/ to it, as in Art. 33. Thus, ^y xx ^7. xn — nn is, 
or expredes, the Square Root oi x x-^^xn — nn. 

Let it be required to extract the Square Root of aa^^ab^bb. 

Here are three given Quantities by thcfr/i Particular. 

They have likewife two different Letters a and ^, by the fecond 
Particular, 

Two of thefe Quantities, viz, a a and bb are pure Powers 
of a and b. 

And both thefe Powers have the Sign -j- by the fourth Particular. 

But then the third Quantity 5 <7^ is not twice the Produft of 
the Square Roots of a a and bb for their Roots being a and b ; 
if they are multiplied the Produ£); is a b^ and that being multi- 
plied by 2 it is 2 a b: Whereas the third Quantity in the given 
Example is 5 ^ ^. Hence, I conclude that a a -{- ^ a b -{-b b is 
z Surd Quantity, and to exprefs its Square Root . I prefix to it 

the Sign y/, fo will ^ aa-^ ^ a b^bb be the Square Root of 
aa'^^ab'{-bb. 

And if it was required to extrafl: the Square Root of aa-^2ab 

bb 
-}- — ' it will be found a Surd Quantity, it being impoffible to 

extrafl the Square Root of 5, therefore prefix the Sign ^ to 

^a •^2a b-l , and then %/ aa^2ab-\ is the Square 

Root required. 

a a 
For the fame Reafon the Square Root, ofxX'\'2xa'{' — 

isi^xx-\^2xaJ{ , it being impoffible to extraft the 

Sqiiare Root of 3. When 
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When the Radical Sign or t/ is prefixt to any compound 
Quantity, draw the Top of the Sign over all thofe Quantities^ 
which (hews that they are all included under that Sign ; for if 
the Sign was not to be drawn over all of them, it may be 
thought that the Square Root of that Quantity -was only to be 
extrafled which fiands next the Radical Sign. 

To extract the Square Root o{ aaaa-^^aab ^bb. 

Here are three given Quantities by the Jirji Particular. 

They have likewife two different Letters a and bj by the fecond 
Particular. 

Two of thefe Quantities, viz. aaaa and b b are pure Powers 
of a and by by the third Particular. 

And both thefe Powers have the Sign +, by the fourth 
Particular. 

And the third Quantity 7,aab is twice the Produft of the 
Square Roots of aaaa and bbj for their Roots by Art. 33. are 
a a and b. 

Now by i\itjixth Particular, the Square Root ai aaaa is a a 

And by the fame, the Square Root of ^ ^ is ^— — b 

And as the third Term 2a ab in the given Quantity has the 
Sign -|-j by the eighth Particular connect a a and by the two 
Roots of aaaa and b b with the Sign ■+, fo is aa^b the 
Square Root oi aaa a -{-zaab-^bk 

To prove which put down 7 
the fuppofed Square Root j 
Which multiplied by itfcif 



aa^^b 
a a^b 


aa aa '^a ab 
a a b -^ b b 



aa a a"\^7.a a b^b b 

Which Produft aa a a^2a ab'\-*bb agreeing with the given 
Quantity in every Particular, proves the Square Root to be as 
above. 

To extra£): the Square Ropt of yyyy — "lyy x -{^xx. 
Here the given Quantities agreeing with the firft five Particu- 
lars as before. 

By xh^fixth Particular I find the Square Root of yyyy is - yy 

By the fame, that the Square Root of at ;ir is — — x 

But as the third Term — 2yy x in the given Quantity has the 

Sign — , therefore by the feventh Particular I connedl yy and x 

the two Roots with the Sign — , and fay, or fuppofe yy^x to 

be the Square Root required. 

To 
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To prove which put down I « v — a- 

the fuppofed Root § /^ ^ 

Which multiply by itfelf yy^^x 



yyyy-^yyx 
^^yy X ^ X X 



■Mil I i> 



The Produa agreeing with 1 y. 9 .^2^ 9 x4^ x x 
the given Quantity 3 ^'^^ ^2yyx + xx 

By the fame Method we fhali fipd the Square Root of nnnn 

And that the Square Root of x xxx-J^^xxy yJ^y yyy is 
xx'\'yf. 

And we {hall find that dddd^ 3 ddy-^-yy is a Surd Quan- 
tity, and it's Square R oot muft be exprcfled by pr efixing the ra- 
dical Sign to it, thus s/dddd-^iddy-^yy, , 

We (hall likcwife find that — p P P P -i- ^ p p y -{-y y is a 
Surd Quantity, and to extra ft it's Square Ro ot, is only to pi:efix 

to it the radical Sign, thus %/ — PPPp + ^ppy-^yy- 



Of Surd Quantities. 



TH £ S £ are fuch Quantities whofe Roots cannot be exaftly 
extraded, and as they arife in the Refolution of Algebraic 
Queftions, we fliall explain fo much of thefe Quantities only as 
is neceflary to the prefent Defign ; for a particular and copious 
Explanation of them in all their Varieties and Circumftances 
Would itfelf make a Treatife. 

Addition of Surd ^aniities. 

35. Cafe I. When the Quantities under the Radical Signs arc 
alike, add the rational Quantities, or thofe which are without the 
Radical Sign, together, by the Rules of Addition, at Art, i, 2, 3, 
4, 5, 6. and to this Sum join the Surd Quantities, and this will 
be the Sum required. 

And if there appears to be no rational Quantities without the 
radical Sign, then Unity or i is always fuppofed to be the rational 
Quantity. 

Exam. 
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ixam, I, Exam. 2. Exam. 3. Exam. 4. 



To ^ am is/ dy 6m\^ d~^a iys /dm-\~z 
Add i/am • s/dy- ^mi/d'\-a yt/dm-^z 



Sumz^am 3i^ dy loms/d-^a byv^dm-^z 

Exam. I. There being no rational Quantities, therefore Unity 
or I is the rational Quantity to each. Now i added to i makes 
2, to which joining the Surd tj am^ we have iy/ am^ the Sum 
required. 

Exam. 2. The rational Quantities being 2 and i, their Sum 
is 3, to which joining y' dy vte have 3-v/ ^J^» the Sum required. 

Exam. 3. The rational Quantities are 6 m and 4 ^1, wh ich 

being iidded make io;77, to which joining the Surd \/ d-^-a we 

have 10m t/ d-^ aj the Sum required. 

Exam. 4. The rational Quantities are 5 y and y^ which being 

added make 6y ^ to which joining the Surd »/ dm-^-z we have 

(>ys/ dm'\'.z^ the Sum required. 

Exam. 5. Exam. 6. Exam. 7. 



To ^^y d t j z — x \^z V da-Arp — 7 m ^ da — y 

Add Sy^s/^ — ^ ^-^3^*/ da-^-p '^^m^/da — y 

Sum i%ydi/z — ;ir I2z\^ da-\r'p ^--^m^da — y 

Exam. 5. The rational Quantities 13;^ ^, and 5 jf ^ being ad ded» 
make \%yd^ to whic h joining the Surd Quantity v^ z— . a-, we 
have 18 y ds/ Z"^^^ the Sum required. 

Exam. 6. The rational Quantities 15 z, and — 32 being added, 
their Sum by A rt. 3. is 12 z, to which joinings the Surd i^ da-^-p^ 
we have 12 Zy^ da-\--p^ the Sum required. 

^^-tfw. 7. The rational Quantities — T m^ and — 2 w being 
added make— gzw, to which joining */ da — y^ we have 
-—^m\/ da — >, the Sum required. 



To — %y,^ ma-^m — \^m$J da — zp 16dpi/ i^^p 

Add — ^yi/ma-^m -jms/da — zp — \2dps/T^-\-p 



^■•M^ 



Sum ^Sy^ma-\-m — ,Smv^de — zp . 4<//v'i4-f-/> 

I Tr 



/ 
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» 


To 

Add 


"iyi/zd — za —4.yv'mp-\-x 


*j%,^ ma — i 
— %z\^ma — d 




jy^/zd — za yi/mP'^x 


^^z^ ma-^d 



. 36. Cafe 2, When the Letters under the radical Sign are dif- 
fermtj then place them down one after the other with the fame 
Signs they had in the Queftion, in the Manner as at Art. 6. 
and this will be the Sum required. 

Exam. I* Exam^ 2. . Exam. 3. . 



To ^tf \ ^ b^m m^ da-^y 

Add s/ h ^d^y m^/ % 



%Mm i^aJ^^h ^Vi»-\-m\'-^i^d-\-y m\/da-+y : -^m^z 

Exam. I. The Letters under the radical Signs being different 
put down i/ ay then becaufe \/ b has the Sign -f-9 therefore after 
\^ a put -f- after which put ^ i, and we have ^ aJ^^ b for 
the Sum required. 

Exam. 2. The L etters under the radical Signs being dificrent 

put down V^+ot: after which plac e two dots to ftiew that 
Surd goes no further, .then be caufe j/ ^+J^ has the Sign -{-, 
therefore a fter the Quantity ^J b ^m : pu t 4- and af ter that 
the Surd ^ d +y, and we .have %/ b-^m: >+%/ d^y for the 
Sum required. 

Exam. 3. T he Letter s under the radical Signs being different 

put down m^ da +^ : and becaufe t he^ Quantity m\/ z hds 

the Sign +, therefore after ^da-^-y: put the Sign -+-, after 

which put the Quantity /» i/ 2, and we have mi/da-^y : -^m^z 

Jot the Sum required. 

Exam. 4. Exam. 5. 

To yi/da ^^^da—y 

Add — %•»! — 2mi/z/w 



Sum yV da — %tjm — Ss/^^ — J '^ — im^ztn 

Exam. 6. * 



,— 2 ;w j / ^z4-« 
2y 4/ dz — b 



'^T.mx^bz-^niJ^'^yi/ dz^b 

Exam. 
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Exam. 4* The Letters under the radical Signs being different 
put down y\/ da^ and becaufe •*— z i/ ;n has the Sign — » there- 
fore after y^ da put the Sign — » and after that the Quantity 
2 4/ m, and we have y^ da — %s/ m for the Sum required. 
. Exam, 5. The Letters under the radical Signs being different 

put down — $ ti/ da — y : and becaufe — 2 m \/ z m has the 

Sign — , therefore after — ^ s/ i^ — ;^ : put the Si gn — , an d 

after that the Q uantity im,^%m^ and we have — 5 tj da — y : 

■— 2 »i ^ z iw for the Sum required. 

Exam. 6. Beeaufe the L etters unde r the radical Signs are dif- 
ferent I put down — %m i/Tz + wT but 3> y^d% — b having 
the Sign +, therefore after — ^mV ^z-f-w : p ut the Sign +, 
and afte r that t he Quan tity 7,y ij d% — b: aijd we have 
— 2 wv" ^z + « : 4- 3j> ^ 4^z — ^ for the Sum inquired. 

To —^ 5 v^ ^ ^ ,„ s / b ma 

Add TVm 3^yp + 9 



Sum — 5 4/ rftf-+- 7 i/ iw m%/ bma-^ 2 ^ y P-+9 



Add m*/ d y \/ z ^p 



Sum —3y\^p + r:+m\^ d l\m^/ da-^^pz : +7v/z-|-^ 



To —Syi ^dp — z 

add +7^l/z»i + ^ 



Sum —SyV^dp'-^zi^jyv^zm'+'a 

SubflraSlhn of Surd ^antities. 

37. Cafe I. When the Letters under the Radical Signs are 
alihj fubftraA the rational Quantities from the rational Quan- 
tities by Art. 7. and to the difference join the Surd Quantities, 
which will be the remainder required. 

Exam. I, Exam* 2. Exam, 3. Exam, 4. 



From S^^<^ $m\/m% i^y\/d+z 2il>m\ ^db — r 

SttbftraA 'i^/da ^%ms/mz 3y\^ d^% igprny/db-^r 

Remains l^/da ^m^mz iiyy/T+z %pm^db — r 

I 2. Exam. 
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Exam. I. The rational Quantities are 5 and 3, fubftrafting 
3 from 5 there remains 2, to which joining the Surd i/ ^a we 
have is/ da the remainder required. 

Exam. 2. The rational Quantities are ^.m and 2 m, fubftrad- 
ing 2/72 from 5 m there remains 3 m, to which joining the Surd 
%/ mz vft have 3 » i/ /w z the remainder required. 

Exam. 3. The rational Quantities are i^y and 3)^, fubft rafting 
3> from 14;^ th ere rema ins i ly^ to which joining the Surd i/ii-|-» 
we have iiys/d^z for the remainder required; 

Exam. \. The rational Quantities are 7.1pm and igpMt 
fubftrading jgpm from 21 ^w there remains 2pmy to which 

joining the Surd \/ d b — r, we have 2pm\^ db — r for the re- 
mainder required. 

Exam. 5. Exam. 6. Exam. 7. 



From lyd^ba -— 5 ;> j / <s? + <^ — ^mVd-j^ab 

Subftrafl: — 4d?i/^^j 3^V^ + ^ — 6m\/ d^ah 

Remains %\dt^ba — 8^v^^+^ wv^^+ai 

Exam, s* The rational Quantities are 17^. and —41/: 
Now to lubftracl -r— 4^ from 17^, by the Rule for Subftrac- 
tion at Art. 7. change the Sign of —4^, or fuppofe it to be 
changed, then — r4^ becomes -f- 4 <f or 4^; then by Art. 7. 
if we add 17 /f to 4^ it is l\dy which \% the remainder that 
arifes by fu bit rafting — 4^/ from 17^; now to this 1\ d join 
the Surd V b a^ and we have i\dy/ba for the remainder 
required. 

Exam. 6. Now to fubftraft the rational Quantify 3;^ from 
— SJ'i we muft by Art. 7. change or fuppofe the Sign of '^y 
to be changed, which will make it •5—3)': then by the fame Art. 
—-3;' added to — 5;^ it is — %y^ which is the remainder that 
arirt's. from the Stibftradlion of the rat;ion a] Quant ities, therefore 
to this — %y j oin the Sued Quantity i/^ + tf, and wc have 

-^ 8)' 1/ ^ + ^ for the remainder required. 

Exam. 7. Here the rational Quantities are — 5 w and — 6 w, 
and by the Rule for SubftracSion Art. 7. if we fuppofe the Sign 
of -^ Gm to be changed, it becomes -j- 6 ;w or 6 m, and then 
adding — ^m to 6 m it is /w, the remainder arifing from the 
Subf^ra^ion of th e rati onal Quantities ^ and if to this m we join 
the Surd \/^4 -^^ a b wt have m >/ d -^r a b the remainder 
required, 

£x(im% 
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Exam. 8. Exam, 9. Exam, 10. 



From 7.1ms / d + a — 9rf4/»i« + ^ I2y\/d — an 

Subftraft gmi/d + a — 2di/ mn-^p — 3y\/ d — an 

Remaiiis i2m\/d^a — y di/ mn^p lSy\^ d — an 

Exam, II. Exam. I2. Exam. 13. 

From — -4^1 /^ — p i4^i/^^7 — 5 tf v ^.y •+ j r 

Subftrad 2a\/m-^p — 3p\/ d — y ^^i^J^-hf 

Remains -— 6«v^ m — p 17^1/ d-^^ — Sai/HTJ^ 

Exam. 14. Exam. 15. Exam. 16. 



From yai/ap — 214 /^^ — ax --144 /^^7 — 2 
Subftr^A 2aVap ^^gYap — fl;r yi/ da — z 

Remains 5 tfi/tf^ — 124/^7^— tfjf — 214/ da — % 

The Truth of thefe Operations arc proved as in Subflradion 
of common Numbers. Thus at Example i, th^ remainder is 
% */ d a^ and the Quantity fubftraAed was 3 i/ rf /7, now 
if we add thefe together by Art. 34, the Sum is $\^ da^ 
^hicb being the fame Quantity from which 34/ rf^ was fub- 
firaifiedy it proves the Work to be true, ■ 

Again at Example 6. the rema inder i s • — Sy i/ d^a : the 
Quantity fu bftrafte d was 3 y s/ d + a : Now by Art. 34, 
if to — 8y i/ ^ + tf we add ^yv^ d'{-ay the Sum is — -5^ v^ d^al 
which being the Quantity from which 3;^ i/ ^ + « was fub- 
firafted, it proves the Work to be true. 

38. Cafe 2. When the Letters under the radical Signs are dif- 
ferent, fct them down one after the other, as at Art. 36 ; but in 
fetting tiiem down take Care to change the Signs of thofe Quan- 
tities that are to be fubftraded, by Art. 7. and this will be the 
remainder required. 

Exam. I. Exam. 2. Exam. 3. 

From 2*/ da 2 mi/ dp Syi^^ 

Subftraft. 3V^zw y \/ z — SV^ 



B^emains 21/^4— SV'/w. 2m\^dp — yv^z S>'^^+3^^ 

£xam» 
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Exam. I. The Letters under the radical Signs being different 
therefore place down zs/ da^ and becaufe 3i^m the Quantity 
to be fubftrafted has the Sign 4") therefore after the 2\^ da 
place the Sign — , and after that the Quantity 3 • /719 and we 
have 1^ da — 3 4/ //i for the remainder requiidl. 

Exam. 2. Becaufe the Letters under the radical Signs are dif- 
ferent therefore put down %m^/ dp^ and' becaufe y\^% the 
Quantity to be fubftraAed has the Sign -{-'> therefore after 
o.m\/ dp put the Sign — j and after that^v'z, and we have 
7,m^/ dp-^y^ z for the remainder required. 

Exam, 3. Becaufe the Letters under the radical Signs are dif- 
ferent, therefore put down Sj'i/^, but as — 3V^i the Quan- 
tity to be fubflraAed has the Sign -*-, therefore after 5 > i/ ^ put 
the Sign +, and after that 3 i/ *, and we have 5;'i/tf-f-3i/* 
for the reniainder required, 

Exsm. 4* Exam. 5, , 



From mi/ da + p ^^^y ^ a 

Subftraa 2 \/ a , — d \/ h 



Remains m ^ d a-^-p \'-^i ^ a .^^y^a-^'di/b 

Exam, 6, 
From 5 »i i/ tf 



Subftra<9; -^ « i/ p -f- f 



Remains 5f«'i/tf + «vp + ^ 

Exam. 4. Becaufe t he 'Letters under the radical Signs are dif- 
ferent, put down m\/ da^pj but as 2\/ a t he Quantit y to 
be fubftraSed has the Sign +, therefore after m\/ d a +p pu t 
the Sign — , and after that 2%/ a, and we have m \/ da^p : 

— 2 V" tf for the remainder required. 

Exam. 5. Becaufe the Letters under the radical Signs are dif* 
ferent, put down — Syi/ a^ but as — d\/ b the Quantity to 
be fubftraAed has the Sign — , therefore after the — 5 > i/ ^ put 
the Sign -f-, and after that d^ t^ and we have — Sj'i/a+^i/* 
for the remainder required. 

Exam. 6. Becaufe the Letters under the radical Signs are dif- 
ferent, put down 5 OT i/ <7, but as — ,z \/ p + q has the Sign 

— before it, therefore after sm^a put the Sign +, and after 

that 
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that ^i/^ + f) and we have Sm\^ a^i^z^/ p-^q for the 
remainder required. 



From 5 %/ a +p m Vf 



Remains 5 1/ « +^ :— « i/jF ^^ P + y^ da^^p 



From 3«i /i+^ — Sn\/ d a 

SubfiraA awi/z — y — 3 V^ »» 



Remains Z^^^^P- — 2«i/»— ^ — -S^i/^tf + Si/m 

From -*— 5 l/p + a; 14 V da 

SubflraA 3 « v^ « 7i/^-f.^ 



Remains — SV^^ + a: — 3«i/m 144/ id^: — 74/^-1-^ 

> • 

The Truth of theie Operations are proved in the fame Man- 
ner as ia the laft Article, by adding the remainder to the Quan- 
tity that was fubftraded ; and if their Sum makes the Quantit/ 
from which the other was taken, the Work is true, if not there 
is a miftake. 

Thus at ExampU i, the remainder is 7.^ da^^^^ m 

To which if we add the Quantity \ * 

that was fubftraacd 5 3 v m 

The Sum is 2 4/ ^/ a^ the feme in 7, a/ A 

the given Exmapie. For in this V a 

Addition adding -{- 3 i/ /» to — 3 V^ w> the Co-efficients and 
Quantities being the fame and the Signs contrary, they deftiD/ 
one another or go out of the Work, by Art. 5. 
, Again at ExampU 5, the remainder is "^ ^y^ aJ^d^ i 

To which if we add the Quantity \ A a/ h 

that was fubftrafled 1 a v b 

The Sum is — Sy^ ^9 ^^^ *^"^® fiv i/ a 

as in the given Example. For here 5 / v , 

— ^/l/J being added to d%^ b or -f-^/v^i, they deftroy one 
another as in the laft Inftance. In like Manner the Reader may 
prove any of the other Examples. 



MubipUcatioM 



"1 
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Multiplication of Surd ^antities. 

39. Cafe I. When there are no rational Quantities joined to 
the Surd Quantities, then multiply the Surd Quantities, as in 
Multiplication of Alg€hr(i^ but to their ProduA prefix the radical 
Sign. 

Exam. I. Exam. 2. Exam. 3. Exam. 4. 

Multiply V a \/ mn ^ py s^ % x 

By ^ m V d 4/z V a 

^^^^•^^•i^immmammt mm^mmmmmm^i^mmmmmmmm ^mmm^mmtm^mmm^m^^ mma^i^^m^mmt^i^,^,mmmm, 

Produdl V a m s^ tnn d S^ py % M^ z^ a 

Exam. I. Multiplying a by m, the ProduA is am^ to which 
prefixing the Sign 1/, we have V am the Produft required. 

Exam. 2. Multiplying mn by d^ the Produ6l is mndy to 
which prefixing the Sign i/, we have %/ mn d the Producl 
required. ' « 

Exam. 3. Multiplying py by z, the ProduA is pyzy to 
which prefixing the Sign •, we have V py% the Produft 
required. 

Exam. 4« Multiplying %x by ^<, the ^rodu£); is xxa^ to 
which prefixing the Sign 4/, we have i/ z a" « the Product 
required. 

» 

Exam, 5. Exam. 6. 

Multiply i/ ^ tf i/ z y 

By V^ z i/ *• 



ProduS ^ p az \^ %y x 

Exam. 7. Exam. 8. 



Multiply i/'tf+^ %/ m n — z 

By i^y • tf 



Produdl V^ a y -f-y ^ i/;n»i? — a % 

* 
-Ea-^zzw. 7, Multiplying n -f. i by y, the Produft is tfy +y *, 
by Art. 10. to which prefixi ng the Sign •, and drawing it over 
«U the Quantities, we have • ay 4-y * the Produft required. 

Exam* 
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Exam. 8. Multiplying an « — 2 by « , the PfoduA \s mna 
•^^a Zy by Art. 10 aod 16. to which prefixing the radical Sign 
«s in the Uft Example, h?^ have Vl«i«tf — <?« the Produdl 
required. 

Exam, 9» Exam. zo« jEa^ai. ii. 



Multiply \/fl/> + z \^ a z — a p \^ d — y 

^y */ y * ^ ^ >/ P 



Produd \^ apy-^y z \^ azm — apm \^ dp — py 

£xam.g. Multiplying tf^ + z by;', theProd uft is apy-^y x* 
to which prefixing the radical Sign, we have \^ dpy-{-y z the 
Produ<5l required. 

Exam, 10. Multiplying az — ap by m, the Produfl is k7 z /» 
— a p m^ to which prefixing the radical Sign, we have 

V a %m — apm the Produft required. 

Exam, n. Multiplying d — y by p^ the Produfl \s dp — py^ 

to which prefixing the radical Sign, we have V dp — py the 
Product required. 



Multiply s/ a h J r,f V a p ^-^ % 

By V a — p \/ d-^-y s/ d 



ProduA V oah — ahp n/zyd^%yy V apd — d%. 



Multiply i/<7^4-z j/ ay \^ m 



By ^ m ^ d-^z ^ a — p y 



Produ£i »^ apm-^zm \/ ayd'^-ayx ^ m a --^ m py 

40. Cafi 2. When there are rational Quantities joined to the 
Surds, then multiply the j|:^fional Quantities together as in Multi- 
plication of Algebra J a^p<; .which nHiltiply the Surd Quantities 
together by the laft JriUky and joining thefe two Produ<^9, this 
will be the Product required. 

And when there are no rational Quantities prefixt, then Unity ^ 
or I, is always fuppofed to be the rational Quantity prefixt. 

Exam, I. Exam, 2, Exam. 3. Exam. 4. 

Multiply a I,/ m a p »^ z Z s/ ^^ s/ m p 

By ^ \/ y 2 V a ^ \/ p y */ ^ ' 



Product ad^/my 2ap\/za 'T^ax^mnp y %/ m p d 

K Exam% 
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Exam. I. Multiplying the rational Quantities a and i, t^ 
Produft is a d, and multiplying the Surds i/ m by \/ y, the Pro- 
<lud is 1/ m^ ; joining this to the rational Quantity ad, we have 
a d\^ my for the Produdi required. 

Exam. 2. Multiplying the rational Quantities ^^ by 2, the 
ProduA is 2ap^ and multiplying the Surds i/z by \/ a, the 
Product is j^zai joining tbefe we have 2apy/ za for the 
Product required. 

Exam. 3. Multiplying the rational Quantities 3 and a^ the 
Product Is 3 a, and multiplying the Surds ^ mn by ^ py the 
Produ£l is \/ mnp\ joining thefe we have ^^as^ mnp the Pro- 
duct required. 

Exam. 4. Multiplying the rational Quantities y and i, (for i 
is the rational Quantity of ,^ mp^ there being no rational Quan- 
tity prefixt) the ProduS is y^ and multiplying the Surds ,^ mp 
by t/ dy the Prod u A is \^ mpd, and joining thefe we have 
y^mpd the Product required. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 
Multiply am\/p y^Pl m\^ ip 2a v 2^ 

By 2i/i d y/ z \y ^ y 3^V4y 



Produft amz^pd yd\/pqz /^my^2py 6a di/ i2zy 

Exam. 5. The Produ£l of the rational Quantities is amz^ 
and the Produ£l of the Surds Is v^ pd^ thefe being joined we have 
amz\/ pd the Produd required. 

Exam. 6. The ProduQ, of the rational Quantities is y dy and 
the Produdi of the Surds is %/ pqzj thefe being joined we have 
y dv^ pqz the Produd required. 

Exam. 7. The Produft of the rational Quantities is 4wj', 
and the ProduA of the Surds is ^/ 2pyy thefe being joined we 
have i^.myi/ 2py the Produft required. 

Exam. 8'. The Produd of the rational Quantities is 6adf 
and the Produd of the Surds is i/ 12 f&y, thefe being joined we 
have 6a di/ 12 zy the Produft required. 

Exam. 9. Exam. 10. Exam. 11. Exam. 12. 

Multiply yi/p V mn 2 i/ d x 3i/ 2z 

By a i/ % a%/ y t/ z S ^^ 7 y 



Produft ya^pz a^ mny 2^dxz i^V i^zy 

Exam. 
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Exam. 13. Exam. 14, Exam. 15. 



Multiply m\/a^y d\/m—pz a%^ap + z 

By a\/ p y\/d xV j 



Produa mas/ap^py dys/^md—pzd axy/ apy^y% 

Exam. 1 3. Multiplying the rational Quantities m and a^ the 
Produft is wtf, and multiplying a^y by py the Produa nap 
+ pyy but prefi xing to t his the Sign 1?, becaufc they are 
Surds, we have V^ap + py for the Produa of the Surds, which 
joinin g to ma the Produa of the rational Quantities, we have 
ma \/ ap-^-py the Produa required. 

Exam. 14. Multiplying the rational Quan tities d a nd y, the 
Produa is dy^ and multiplying the Surds 1/ « — pz by i/ i, 
the Produa is %/ md — pzd, which being join ed to dy^ the 
Produa of the rational Quantities, we have dy >/ md — pzd 
the Produa required. 

Exam. 15. The Produa o f the rational Q uantities is axy and 

the Produa of th e Surds is j/ apy '\'yzy and thefe being join* 
ed we have ax^ apy'\'yz the Produa required. 

Exam. 16. Exam. 17. 



Multiply a mi/ py + d 2 \/ a m — y 

By y \/ z ai/ p 



Produa amy\^ pyz^zd 7,aV amp — py 

Exam. 18. 

Multiply m j/ p d 
By a V d — M 



Produa m a V p d d — p d a 

Exam. 16. The rational Quantities am and y, being multi* 
plied, the Produa is amy^ and py-^d being multiplied by z, 
the Produa is pyZ'-\--zd; but before it prefix the radical Sign, 

bccaufe thefe Quantities are Surds, then it is \^, py z-^-z d^ 
joining this to the Produa a my^ we have a my \/ py z -j- z d 
the Produa required. 

K 2 Exam. 
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Exam. 17. The Produa of the rational Quantities 2 and tf, 
is 2^, and rhe Product of the Surds is Vamf^-^py : joining 
thefe we have 2a\/ amp'^py the Produft required. 

Exam. rS. The Prodocl of the rational Quant irics m and /?, 
is m dy and p d multiplied into d — ^., \%pd d — p da^t to which 
pr efixt t4ic radical Sig^i becaufe thcfi? are Surds, and t his becogies 
V pdd — p da^ now joining it to md we have ma^pdd — pda 
ti)d BroduA required. , 



Multiply a \^ p — y jV'w — « i/«-|-^ 

By 7.B v^ m 2V'5« a ^/ % 



Produft 2ab\/pm — my 6 v^ ^ma — 5wfl. a^/ zn^zb 



Mukiply aa %/ ^y-^-z y ^ P — ^ 

By b \/ d ^m \/ a 



Produft 2 a b^/ 2y ^"^^^ ^ymVpa^^az 



Mult^ly 5 V y — X 
By 3 <7 i/ 2 A 



ProduiS 1$ a \^ 2 b y — 2 b x 



Divijion of Surd ^antitiis. . 

41. Cafe I. When there are no rational Quantities joined 
with the Surd Quantities, rejeft all thofe Quantities in the Di- 
vidend and Divifor that are alike, as at Art. 20. and fet down 
the remainder, to which prefix the radical Sign. 

Exam, I. Exam. 2. Exam, 3. Exam, 4. 



Divide i/ fw « 
By \^ m 


1/ m n 
s/ a 


-V^'U-ird 
. ^/ a b 


^/ xi b d 
V a 


Quotient ^/ n 


^ m 


V d 


V bd 



'Exam. J. Becaufe m is in both the Dividend and Divifor, 
therefore rejecfl it, and place down », the remaining part of the 
Dividend, to Which prefixing the radical Sign, wc have i/« the 
QXiotient required,- 



Exam. 
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Exwn. % Becaure a is in both the Diyidend and Divifor, 
therefore reject it, and place down lUy the remaining part of the 
Dividend, to which prefixing the radical Sign, we have v^ xv the 
Quotient required. 

ExaoL 3. Becaufe ^^ is in both the Dividend and Divifbr, 
reje6i it, and place down dy the remaining part of the Dividend, 
to which prefixing, the radical Sign, we have i/ d the Quotient 
required. 

Exam. 4. Becaufe a is in both Dividend and Dmfor, rejed 
it, and place down b i, the remaining part of the Dividend, to 
which prefixing the. radical Sign, we have ^bd the Quotient 
reqcrired. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8, 



Divide ^ mdy 
By V y 


^l%d 
i/bd 


i/ixd 
^zd 


%/^ypa 


Quotient */ m d 


• 2 


• * 


V a 



Exam. 5. Becaufe y is in both the Dividend and Divifor, 
reje<5t it, and place down m dy with the Sign v^ before it, and 
we have V md the Quotient required. 

Exam. 6. Becaufe bd \% in both the Dividend and Divxfor, 
rejc(9: it, and place down %, with the Sign • before it, and we 
have i/ z the Quotient required. 

Exam. 7. Becaufe %d \% in both the Dividend and Divifor, 
rejedl it, and place do^n ^, with the Sign 4/ before it, and we 
have s/ h the Quotient required. 

Exam. 8. Becaufe j^^ is in both the Dividend and Divifor, 
rejeS it, and place down ^, with the Sign v^ before it, and we 
have i/ a the Quotient required. 

Exam. 9. Exam. lo. Exam* ii. Exam. iXi, 

Divide \/max ^ ndy ^.aj% V abd 

By s/ X V ny \^ a ^/ a d 

Quotient V ma \/ d V y% y/ b 

Exam. 13. Exam. 14. Exam. 15. 



Ill I fc*i 



Divide V am-^af ^ py — pn V bd — bm 

By ^a s/ p \/ b 

Quotient 4/^4-^.. V y^^n ^^ d-^m' 

Exam. 
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Exam, 13. If we divide a m-\^ap hy a^ the Quotient is 
m -f-/^, by Art. 22. but bec aufe the y are Surds, prefix the Sigu 

i/ to w +^, and we have i/ « -f-^ the Qudtient required. 

Exam, 14. Dividing py'^pn by p^ the Quotient is y^^n^ 
by Art. 2 2 and 24. to which prefixing the Sign i/, we have 

i/^y — r » the Quotient required. 

Exam. 15. Divinding id^^bm by £, the Quotient is J -^x^, 
b y Art. 2 2, and 24, to which prefixing the Sign i/, we have 

V d'^m the Quotient required. 



Divide 

By 


i/*« 
• * 


•J^ba 


Quotient 


s/in 


h'' 


Divide 
By _ 


V' zx 


-^zy 





'—md 


*^*- 


^d 




4-«y 



i/ « 



i^z— /> 



4/ ^^/ — tm 
\/b 



Quotient 1/ *• — ,y y/ d^y V d — m 

,The Truth of thefe Operations are proved by multiplying the 
Quotient by the Divifor, for if that produces thp Dividend, the 
Work is true, otherwife fome error has been made. Thus in 
Example 2, the Divifor is i/ a^ and the Quotient is ^ /«, which 
being multiplied by Art. 39. the Produfl: is \^ ma the given 
Dividend. 

And at Example 6, the Divifor 1$ ^/ bd^ and the Q^iotient is 
i/ z, which being multiplied by Art. 39. the Produft is i/ bzd 
the given Dividend. 

And at Exaipple 13, the Divifor is v^tf, and the Quotient is 
j/ w H- ^^ w hich being multiplied by Art? 39. the Produft is 
%/ a m -^-a p the given Dividend ; in the fame Manner may 
any of the other Examples be proved. 

42. Ca/e 2. When there are rational Quantities joined With 
the Surds, divide the rational Quantities by the rational Quanti* 
ties, by the Rules in Divifion of Algebra \ and to their Quotient, 
join the Quotient of the Surds found by the laft Article, which 
will be the Quotient required. 

Exam. I. Exam. 2. Exam; 3. Exam* 4. 

Divide ay^mn bm\/ y% yd\/az ma*/ ayn 
By a ^ m , m ^ % y s/ a a */ a y 

Quotient y V n ^V y d*/ z . m"/ ^ 

Exam* 
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Exam.^ I. Dividing the rational Quantities ay by tf, the Quo* 
ticnt IS y^ by Art. 20. and dividing v^iww by y m^ the Quo- 
tient is i/ ff, by Art. 41. now joining y to v' », we have y 1/ » 
the Quotient required. 

Exam. 2. Dividing the rational Quantities bmhy m^ the Quo- 
tient is by by Art. 20. and dividing i^ya by>/ z, the Quotient 
is v'y, now joining b and i/y, we have^i/y the QuottenC 
required. 

Exam, 3. Dividing the rational Quantities y rf by y, the Quo- 
tient is dy by Art. 2o. and dividing i/ ^ z by i/ ^, the Quo- 
tient is i/z, by Art. 41. now joining d and i/ z, we have 
4/4/ Js tlie Quotient required. 

Exam. 4. Dividing the rational Quantities mahy Oy the Quo- 
tient is my by Art. 20. and dividing ^^ ayn by i/ ay^ the 
Quotient is i/n, by Art. 41. now joining m and v^ff, we have 
2»i/» the Quotient required. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

Divide ayn^mn mn^ xay xa^nd dx^anp 
By ay ^ m nV x y a \^ n % ^/ a n 

Quotient »•« m \^ a x \^ d d V*f 

Exam. 5. Dividing the rational Quantities ayn by ay^ the 
Quotient is w, by Art. 20. and dividing ^ mn by \/ w, the 
Quotient is 1/ », by Art. 41. now joining n and i/ «, we have 
» V^ » the Quotient required. 

Exam. 6. Dividing the rational Quantities m» by n^ the Quo- 
tient is my by Art. 20. and dividing ^ xayhy ^ xyy the Quo-v 
tient is t^Oy by Art. 41. now joining m and i/ay we have i»i/tf 
the Quotient required* 

. Exam. 7. Dividing the rational Quantities xa\iy Oy the Quo- 
tient is Xy and dividing s^ nd by v^ », the Quotient is i^ i, by 
Art. 41, now joining ;ir and V dy we have x\f d the Quotient 
required. 

Exam. 8. Dividing the rational Quantities i^z by z, the Quo- 
tient is dy and dividing ^ anp by ^ any the Quotient is ^ py 
by Art. 41. now joining d and v^^, we have d^ p th^ Quo- 
tient required. 

Exam. 9. Exam. 10. Exam. 1 1. Exam, 12. 

Divide j^mn^/ab my\/az dn\/xy Ban\/rd 
By 2m\^ a y ^/ z n \/ x \a \^ r 

Quotient %nV b mV a dV y %n\^ d 

Exam, 
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Exam. 13. Exam. 14. , Exam* 15. . Exam. x6. 

* . * ... 

Divide mxx^pq i^ans/ rd^ xz^/myp rms/d% 

By x \/ p as/ d %V my rVd 

Quotient mV q 4»V^'' x \/ p /wi/z 
Exam, 17. Exam, 18. Exam^ 19. 



Divide jev»V^tf^-4-47;r j'pv^x^+zw day%/ym^yr 
By m s/, a p V % d a %/ y 






Quotient n \/ p -^ x y V d -i-^ m y \^ m -{■' r 

. Exam. 17. Dividing the rational Quantities w« by m^ the 
Quotient is »^ by A rt> 20. and dividing V' ^^-j-,^ 5v ^ ^^ 
wc have V pj-\^ by Art. 41. and joining n and V'"J"Ijr^ 
we have «i/^ -j-a" the Quotient required. 

Exam. 18. Dividing the rational Quantities yp b y ^, the 
Quotient is y, by Art. 20. and dividing \/ zd^zm by i/ z, 
th e Quot ient is \/ d + m^ b y Art. 41. and joining y and 
i/^ + OT, we have yi/^+w the Quotient required. 

Exam. i9# Dividing the rational Quantities day by da^ 
the Quotient is y, by Art. 20 . and dividing \/ y m^yr bjc 
j/ y, the Quotient is • /w + r, b y Art. 41. and joining y and 
i/ m-j^r, we have y 4/ w -^ r the Quotient required. The 
following Examples arc done in the fame Manner. 



Divide ^ani/dy+dn an\/ pz—pb bbdy^/pm^pd 

By ^a%/ d as/p 3lfd\/p 



1 1 III 



Quotiept 2/i.i/y+ff n\/z — b 2yy/m^d 



J * ■ 



Divide pn^dx^^db tlbaVpy—px anxVpd—pm 
By n\/d 2o\/p axy/ p 



»* «i ■ 



Quotient />i/^ — ^ ^l,^y_^ n^ d—m 

The Truth of thefe Operations are proved likewife from 
multiplying the Quotient by the Divifor, and if that Produft 
makes the Dividend the Work is true, if not there is a miftakc. 
Thus in 



Examn 



M^cHm. I. the Quotient u y\/ ^^ «nd the Dtvab^ is aV m \ 
How aokitilyiiig ^ V" ^ hy a^m^ by Art. ^. firft liMiUipljr 
ihe rMonal (^untkies y ttii tf, this Product is tiy^ sitd mulci« 
plying v^ n by <^ift^ this Produfi id i/ Wliir, and joining ihk to 
»/ ^ have 9y^ mn the ProdtiA» which being tht IjKiie ts tbt 
givcA Dividend^ \pxKN^ tte Work to be tme. 

And at Example 5. the tNvifor is 4y i/ tn^ aiid the Quotient 
18 ff 4/ If, now multit^lying ays^tiH by » 1/ li according to Art. 
|t9. We drft multiply the rational QjiaJiiities dy by ;f, and this 
Prbdud is 0>ili then multiplying V^i^ by ^^9 tbit Produdis 
</mi») and joining this to tfy», we have for the Protfuft 
0y If i//ni»j which being the fame with the given Dividend, the 
Woi^kbttue. 

An6 It E^afO^ 17. the I^ivifbr b tnj^^^ and the (^tient b 

^^f-h^f and multiplying thefe by Art. 39. we firft mwikifily 
the rational Qjiantities m an d H toge ther, and this Prod uft is mn^ 

tM mftUiplyihg ^it by t^p^x^ this I'rodufl h Yap-^ axi 
ivhich being joined to m », the ProduS is mnx/ap-^a Xi the 
£une as the given Dividend, and fo may any of the other Exadi^ 
pies be proved. 

itnhktim if Surd ^antitiiu 

' 43. Cap i. When there itt no raiiohalQuaiitlties jofirHi^ i^i^ 
the Surds,, it is only fetting the Quajitities down without tfaeii^ 
tadical Sign, whicih inifts the given Roocas* high sis i^ Hhe Index 
of the radical £^n, 

JSxtfm.i. £xam.i. £xam.i. MxM.^^ 
italic to the Sduare 1 ,^ > 1 y.^ ./ » 

The Square d mn na 



This being no tnote according to the Hule but to (fet ddwti th6 
Quantities without their radical Sign^ it is (o eafy as not to need 
any &rther Explanation. 

The ELeafon on which the Operation is founded is that any 
Quantity or Number being multiplied by itfelf, will produce the 
&|ttafii of that Quantity or Number, thus i x 2==4, Whence 
4 is the S^uate of a, and<^ xi»ss<i^f which is the Square of a^ 
a^d fo of any other Quantity. Now fuppofing the Square Root 
rf ity was to be extraifled, which by Art. 33. is 1/ a. But 

t « 
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IS i/a » the Root, and a was the Square froih wbicb* tbtt Boot 
was cxtraAcd, hence '/a nuilciplied into ^/a^ muft prwhicetf^ 
by what has been juft faid: Now i/tf roultiplied fay i/^j is 
%^aahy Art. 39. znAzy^aa fignifies the Square Root of aa^ 
which is tf, by Art. 33. it follows that to involve any Siird;thaC 
bas no rational Quantities joined with Jt^ is only to fet dawn 
the Quantities without their radical Sign*. 

The Square ax ,nd\ >r . • . « 

• • • * 

And if there are feveral Quantities connected by tbeJSigns 4- 
or — , and -are all under the radical Sigiif ttbey are involved ia 
the fanae Manner. . ... \, 

. • • • 

Raife to the fecond ) . ^ , . ^ — 3 ^-—z — r- 

Power or Square J ^/^ " -^^ b </ at^ d ^p^m, 

The Square j-f-i dfi — d pJ^ri'y 

"trS;^,'} ^t^' v^?m:^ ^?=^i 

The Square . pd^^n dz^^zy pm — nd 

The Square a-^-y — d am — n-^db pz^zjc-^d 

44. Ca/e 2. When there are rational Quantities joined witb 
tlie Surds, then involve the rational Quantities as high as the In- 
dex of the Surd denotes, and multiply thefe involved Quantities 
into the Surd Quantities, after the radical Sign i$ taken away. 

Exam, I, Exam. 2. Exam. 3. Exam. 4. 

Raife to the Square a s/m bi/nz i^y zZi^h 
The Square a am hhnz ddy zzzzb 

Ex* I. The rational Quantity a beingfquared is by Art 31. aa 
The Surd Quantity ^m being put ? 
down without the radical Sign h ) 

Thefe being multiplied the Prod, is the Square required aam 

. . ExauK 
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" Eic, ^. The rational Quantity b tsdng fquared is by Arti 31. hb 
The Surd Quantity 4/11'% without the radical Sign is - - n% 

Thefe being mutiplied the Prod, is the Square required bbnz 

jSA'/7x;i. 3. The rational Quantity i(/ being fquared is - - Jd 
The.Surd Quantity j/y without the radical Sign is • - ^ 

Thefeberng^- multiplied the Prod, is the Square required d dy 

Exam. 4. The rational Quantity %% beirig fquared is %zzz 
The Surd Quantity ^b without tbe radical Sign is - - & 

Thefe being multiplied the Prod, is the Squ. required zzzzb 

Exam. $, Exam».6. Exam» y. Exam* 8. 

Raife to the Squ. ani/p dz^yx p^^y , da\/z 

The Square' aannp ddzzyx pp^y ddaaz 

Exam, 5. The rational Quantity a n being fquared is aann 
The Surd Quantity j/p without the radical Sign is - - ^ 

Thefe being multiplied the Prod, is the Squ. required . aannp 

Exam. 6. The rational Quantity dz being fquared is ddzz 
•The Surd Quantity i/yx without the radical Sign is • - yx 

Thefe being multiplied tbe Prod, is the Squ. required ddzzyx 

Exam. 7. The rational Quantity / being fquared is - - pp 
The Surd Quantity v/jc^ without the radical Sign is - ^ xy 

Thefe being muhiplieil' the Prod, is the Squ. requuied pp xy 

Exam. 8. The rational Quantity da being fquared is ddaa 
The Surd Quantity ^z yvithout the radical Sign is - - z 

Thefe being multiplied the Prod, is tbe Squ. required ddaaz 

Raifc'tb the Squ. wv'^z mni/d aVrd py^p^ 
TheSqualr^^ mmpz mmnnd aard ppyy^ 

Raife to the Square x\/pd xn^a zs^fx az*/d 
TheShquare xxpd xxnna zzpx aazzd 

And "if Ihere are more Quantities than one under the radical 
Sign, connefled with the S^gns -+- or — , then after the rational 
Quantities are involved, or raifcd as high as tbe Index of the 

L 3 Surd 
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Surd rfif|tiirc« ; place tlw6 under the radical Q^Mtidv. tM^^ 
away thoir Sgn^ then nmki^y «hein hf th(& ]lulo$ qf Mifiirf Jh 
catioo at Art. 9, &^, and thia will be the Square required. 

Exanu I. J£x<im. 2. £xam^ j. 

Raifc to the Square m/m^jf^ ti/dJfz mi/a— V 
The Square aam^aay khd'\fkh% mm^^^mm^ 



Emopi, |, The Surd Quantitf i/m^y^\ . 

without th^ fadicat Sigm ia i " - \- «»+)? 

The national Qtpiatity. a hc'wg ffa^ed ia - • - - 



aa 



Thefe being multiplied according to Art. lo. 1 

?he ftodu^ ia tlid Square required. 5 «''^ + ^^J' 

Exam. 2. The Seid Quai^tfty ^d+z 1 J_l 

wichdut the radical Sign is j-^--» + a| 

The rational Quantity ^ being fquared is - - - bB 

Thefe bpiflgroiltip, thePrqd, h theSqfi, rcqjiUcd ^kkd^^iiz 

Exavr. 3. Th^Sord Quantity \^zr^S\ 

without the radical §ig^n is | ---9 — * 

The rational Quantity m, being (quared 1$ • - - mm 



* ■■ ■ ■*■■ ■— 



Thefe heit^ multiplied tl^f firgduft ) 
i$ the Square required J * * mmz-^mm 

Exam. ^. Exam.s. f>eam. 6* 



a4r« 



I^aifli |Q the Squ^te ^p V^ ^ « -« V'^^d di/%^tj' 

TheSquttrc zza + zzn xxb — xxd dJz-^ddf 

Exam.^^ The Siird' <^antUy t^'^r^If* >•* 

,. , .vif^oqfrtl?^radi<^^i>;is, . . . i * * ' 

The rational Qyantity z being iquared is - - - %% 

Thefe being muWdlied the P^oauft I ' -: ' "* ' ' 

Exam. ^. TTie Surd Quantity \/'i.~r-d\ 

without the ra^icalllign is ' | " ^ *^ 

Thqwfipa%l^.Qjj^ti^y,>,bj^ngiq„j^^d.ia. -^ - r 



«^4 






Theft befng imiUJpited the ProduA h 



•*.-••'» t> » .« 
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£Mmr. 6. The Sttrd Qjwitity ^%^\ ^ . ^ ^ , 

wklK>ut the radical S^ k I ^-^ 

The rafional Quantity i bcin j %umd is - * - - ^i 

Thefc being; multiplied die Prwtaft I ^ , ddz^ddt 
is the Square iPeqtiJrcd 3 

Jlaifc to the Scpare y^/a-^m n^u^d //T^ 
The Square yya-^yyn nna-^nni ddp^-^ddz 



i*«liarik«rih 



Jlaifc to the Square i\^p^r d^i^f zi/n-^y 
TheSquam ap-^ar ddi^ddy zzn—'ZZy 

45. Cafi 3. But if there arc rational Quantities conneded 
^iib the Surd Quantidca by the Signs + w*--^ ^ ^^ ^* 
volvcd in the fame Manner as compound Qimntitiesy at Art. 32, 
and cuttuHy obferving ijie Directions concernmg the Multipli*^ 
cation of Surd Qjiantitiesi at Alt 40. w*! their Infotaticm at 
Art. 43" 

To raifc to the Square or fcwnd Poiwr • - - s+i/i 
Putting down s^io the fame Quantity - - * A*hVi 

The Prod, from multiplying a + • * by ^ , for « 1 
muldpli^ by if, she Prod, u aa^ and ^b nidt»-> aa^a^b 
pliod by tf, the Pwd. is aV *, by Art. 4a > 

The Prod, from multiplying a+ •* by • *, for | 
^ ipultiplied by i/K the Prod, ia^av^*, by Art 40. > a^^/b+b 
aadWmulop^by^/^^theProd. is^by Art43.J 

The Sum Is aa+2a\/b+b: for aV^b 1 
adiedtotfV'*isa<afV'*» by Art35. that> tf(<f + aaV'3+* 
the Square of a+>/* is ^ 

• 

To naife t» the SquaDe:6r fccond Power - - - ^+^* 
Pitting down zgAx the iaiRe QjjBWtity ^ - " /+•« 

TbePtoi frepi multipiyh»i+^»by ^ by I ^^ . ^^^ 
what is mentioned in the laft Example is J 

Tb&Pivd. from roultiiJyiag d-^i/z by ^ss I j^^j^z 
by what it mentioned in the laA Exan^pk ». > ^ 

Thcar Sum added as in the laft Examplel dd+2d\/z+z 
l»lli^S^|uar^af i^+Zl?! * " 

To 



>> 
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To raife to the Square .or fccond Power - . - - x-^i/^a 
Putting llown again the fame Quantity - - -. X'-^i/a 

Thc"Pr6d. from muftiplying X'^i/a by XtfoT^ 
X multiplied by Xj the Prod, is xx, and — V'tf f ^ 

roultfplied by x, the Prod. is—xVa.hy Art. r^^ — ^^^ 
40. the Signs of — i^a and x being diiFereht J 

Ttc.Produfi from multiplying x-^i/a by-| "[ 

— ^ i/a^.Ior X multiplied by t- v<<af, the Produd t 
is — xi/Hy the Signs being unlike, but — i/tf >— ;pi/tf -j-ij 
multiplied bv — i/a^ the Signs being alike thei 
Pcoduft is yaa or a^ by Art. 39 and 43. J - 

. Their Sum i? the Square of ;ir— i/tf xx — 2x%/a-^a 

To raife to the Square or (econd Power - - - y — i/x' 
Putting down again the fame Quantity - - - y — \/x 

The Produft from multiply ing y -^ i/ *• by y, ? , 

from what is mentioned in the laft Example is j *^ / ^ 

The Prod, from multiplying y—^/jf by — i^**, 7 4/ i_ 

froflfi wliat is faid in thejaft Example . . J y^ ^"T^ 

Their Sum is the Square oi y^-^x/x -* - yy — 2ys/^X'\'X 

« • « 

* To r:wfc to the Square or fecond Power - . - * h ^\/ x a. 

Putting down the fame Quantity - • -.- b-^^s/xa^ 

■■111 ■ 111 III. 

The Prod, from multiplying b-^-x/ x ahy b bb^b s/ x a 

* The Prod, from mutiplying^-f-i/jf ^ bjr yxa b i/x a-^xa' 

The Sum being the Square of bJ^ \^ x a ' bb'^%bVxa-\-xa 

* To raife to the Square or feoond Power - - - w'+ \/dz^ 
Putting down the fame Quantity - - - -' w-j-i/v/z' 

The Prod, from multiplying m-\'X/d% by tn' mm-^ms^dx 
. The Prod, from multiplying m-^\^dz by \^dz mx/dz^dz 

The Sum being the Square of 1914- V^^ 2 mm^2m\^dz-^dz 

* * 

To raife to the Square or fecond Power - * - • z-'^i/dn 
Putting down the fame Quantity ..».•.• -.- - - z — \/dn 

. *. zz — zx/dn 



The Square of z — v'rffl - • . zz-^lz^dnJ^dn 

I 

To 
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To raife to the Square or fecond Power - - - p — ^y %, 
Patting down again thie fame Qiiancity - • . ^ — ]yy 2 



:'r 



The Square of ^ — s/yz * - - pp — 2^\/^z+;r2 

. Having thus copioufly. explained all the Rules- neceflkry to be 
knowrt in order to the Solution of Q^ieftions, we now '^ome to 
their Ufe and Application in the Redu£^ion of Equations, or the 
Method by which Problems, are folved, and Queftlons anfwercd. 

When any Problem or Queftion is propofed to be anfwered in 
an Analytic Manner, for. the feveral Numbers that are in the 
Queftion we generally put Letters,, repr^fcnting lilcewif(f the 
Numbers which are to be found by Letters, and for DiftinAioa 
fake ufe the Vowels for the unknown Numbers, and Confohanti 
for thofc that are known. .. - .. . . 

Then we begin to exprefs all the Conditions of the Queflion, 
by ranging and cbnne£ling the Letters in fuch a Manner that 
theyib^Il. reprefent.all the Circumftances of the Queftion, thia 
being' only to tranilate the Queftion from Englijb into Algebra. 

Thus 6 being added to 5* the Sum i$ equal to ii. 
Now fuppofe b :t= 6 ^ =15 i» = 1 1 

Then ^ the above- Propofition ^ill be .exprefled in AlgAra^ 
Thus, b^dzizm 

' 'And when any Letters or Numbers are fo connecSed, ithat* be- 
tween any of them there appears this Sign =, it is called ah 
Equation, for the Sign == fignifies f^/y^^/i/y oxEquation^:tnim 
the due ordering and managing thefe Equations confifts the whole 
of the ^/7tf^/iV Science omAlgfira. 

. . Equations confiftof Quantities, or Letters fome known, and 
others unknown, and the. grand Work is fo to manage the 
Equation by the Rules of Certainty and Science, that ajl. the 
known Quantities niay at laft be foi^nd on one fide of the £qua* 
tion, and the unknown Qiiantity by itfelf on the other Side of 
the Equation : For when this is done the Equation is brought 
to a Solution, and the Queflion is anfwered. 

And that Part of Algebra which teaches how to manage thefe 
Quantities, fo as to carry all the known Quantities on one Side, 
leaving the unknown Quantity by itfelf on the other Side of 
the Equation, is called the ReduSiion of Equations^ which is done 
by Addition^ SubfiraSfion^ Multiplication^ Divijion^ Involution^ 
mivEvolutiofty according as the Cafe require^ To 



( «o J 

To reduce an Equation^ by Addition, of 

Subftra&ion. 



46.XT7 R £ N any biown Qtiantitles are oti ' the fame Sid^ 
YV of the Equation with the unknown Quantity, and 
connected by the Signs -f- or -^^ to reduce foch an E^Mation is 
only to tranjpofe er place thi knoum ^nantitUs 9h tbi oiber Sidi of 
thi Efuation^ or Sign of BquaUty^ pnfixinf to them their contraiy 
Sign^ that is, thofe Quantities which have the Sign -^ d//#r f% 
are tranfpofed mujt have thi Sign -^, and thofe wbub have tbi 
Sign -^ mufi have the Sign -f«* 

Queftton i. To find that Number to iJohich 6 being Udded^ and 
fuhjlra&ing 15 from this Sum^ the remaindei^ fn^ he ejual to li. 

Now fuppofe tf c= the Number fought t^s6 dta: t^ m sd x ti 



re. o. 

ib.) 



Then I am to find a Number, which I call 

To which 6 or & being added, it ia by Aft. 6. 

From which Sumy^i5<H'</ is to be fub 
Arafiedy that is^ toa^b eonneA d. 
the Sign *— 

Which tf-j.*— ^ is to be equal to ii or 1 
m, thai is i 

Now to reduce this Equation, or to an^^' 
fwer the Queflion, I obferve dj a known 
Qpantity, is on the (ame Side of t4ie 
Equation with the unknown QjiatiHty 
17, therefore tranfpofe d^ that isy write 
down the remaining Part of that Side of 
the Equation without d, and place it en 
the other Side wjth the Sign -f^, it hav^ 
sng before the Sign -«, then we have 

Again ^ is a known Quantity on the fame 
Side of the Equation with a^ then by 
taking it away from that Side of the 
Equation, and placing it on the other 
Side with the contrary Sign, or '^y We 
hafe 



>• 



t 



a 
a+b 



a'\'b*^dtai 



a'{^biti:m^d 



at::^m^d'^b 



Heic 



To reduce an feqtiatiooi &c. 8 1 

Here the Qucflion U Calved, for the unknown Nurtiber -or 
Quantity a, '19 equal to (he Number' rep rcfcnted by m, added to 
tb« Number reprefeilied'J>}' li, from which Sum fuhftra£tiiig tht 
Number reprefentcd by ^, 

1 1 reprerented by M 
15 reprefenteB by rf 

26 Sum of the Numbers tcp^efeitted by Hi axA i 
6 reprcfented by i 
Remaips 20 ^hishi 13 a* or the Number fought 

And that this it tlie Number required, is thus provedj frotb 
tbe Conditions of the Queftion. 

I fay the Number /ought Is ' --' -^ 4(1 

For if to this I add ^— — . — . 6 ^ 

The Sum is — — . ^26 

From which fubftra£ting ^— -*, — 15 

There remains as the Queftion required ' — > li 

Queftion 2. A Man being atktd bno many Shlllingt he_ had, 
[aid if jm add 15 ta them I have, and thtn fuhjiraff 20 frtnt 
this Sv^t and thtn^adA t^ tt th* rtmaindir,, I Jball havt 64 
Sialtitigw ILmnmo^ Shi^gi had bt f ' 

Leta^ the Number of Shillings he bad, 6=1$, t^^lO* 

Thent A Man hads-certain Number of} 

ShillinKS Wbich I call ) 

To which 15 or b being added we havej ) 

by.Art.6. ' " \ 

From which Sum taking aiMy 20 or d, 1 

that isj connefl d by the Sign — J 
To which addiitg..i9 or m wc have, by 1 

Art. 6. J 

^Vbich D+i-:-iJ-f-'in ii to be equal | 

to 64 or n, hence J 

Now ta reduce this. Equation, or An-~1 

ifwerthe QucItiQii' : I b^in with I 

tranfpofing m a known Quantity, by I 

putting down the remaining part of ^ 

that Side of the Equation, and placing | 

» on the other Side with the eon- | 

itary Sigti, which givea 



M 



d 

a-^b=-^i-^m 
a^b'-^d-^-miin 



Adi 



} 



SS^n-rr 101+1 



Si A h G %,^ K A. 

And 4p tnii)lpo& 4 ain^hei; ktioiitrfi 
r Quantity, put dowa the. xemaiaing 
' Part of that Side of the Equation, and 

d on the other Side with a contrary 

Sign, whence we have 
And lafily by tranfpofing ^, that i9^ 

placing it on the other Side of the 

EqUjItTof) with a comrary .Sigfi} we 

have 



That is, if from the Number repr^fentied by « we (bbftrad 
(tat repnrfenttd hy ni,^ and to itfae .reiiiasikder add the Nuniber 
reprefented by ^, and from this Sum ftiti0raA the: Number se^ 
prefented by hy the remainder will be the Number fought. 

i 

-r - ' • 

. _ f' « . . 

^ J64 reprefented by « - - 

jg reprefented by m-t- 

, i - " « . - ... ■,..,♦- ,., 4 . 

J20 repr«fented byi^ . . . i 




15^ r«Q)wfen^ed by ^ . , ^ / 

50 the l^umb<(r ^bught or g ; and Ihorefofe I .% ^/jyLm 
had 50 J. at firft, which is iJiU8frov«d, .ftofa.tb&Conditipm 
tlie Qucftions, , , ^ 

I fay he had at firft •— > »^ *-;;. 

For if to them you add ~ .^ - 

And fron^ that.SUm iiiWlra« -^ ~ 

< 
AnI' then add to the iremainder * »^ 

. U nakes what theX^«!^ioo lequitts ■■■ -u, 



»5 



Mhsam 



65 



<*WiW<l»«««^ 



«5 

19 



^4 



i .A)l?ft'?0. 3- .-^ Countryman tisked ahofhir htnv mattf^^Eggs hi 
had^ vihyfays he^ if you fuhftrati isfromthm 1 have; andihm 
add 21 to thofe that are /^;^ and fithjfraef' 7 from that iumi but 
if you add 19 to what J$ then left I jball have it^KzzU tiow 
many Eg^s bad he f \ ^ :. ^ ^•^ *^ .,:.'. 



'^ \ 



i u 



let 



To rc&c^ aiv Ecpatlott, &c. ^ 

L6t <f= the Number of I^, t=a»Sf ^=*lf» »»==7» 
«=i9, /^ = 43- 






} 



Now the Countryman had a Num- 
of Eggs which I call 

From which 15 or h bekig fub- 
ftrafbed, or connecting b by the 
Sign — , wc have 

To which a — i, if we add 21 or 
d, wc have by Art 6. 

From which Sum fubftrafting 7 or X 
ffij or conneding m by theSign •— J 

To which adding 19 or », we have 
by Art. 6. - 

And' this ^ — -i-f*^ — m-f-ii is to 1 
be equal to 43 or p^ hence 3 

Now to reduce this Equation, or 
anrwet the Queftion, I b^in 
with tranfpofTng n, by putting 
down the remaining Part of that 
Side of the Equation, and n on 
the other Side with its contrary 
Sign, then - ^ 

Now.tranfpofe m, by putting down 
the remaining Part of that Side 
of the Equation, and m on the 
other Side with its contrary Sign, 
and w6 have 

Then tranfpofe df by putting down-|- 
the remaining Part of that Side I 
of the Equation, and d on the v 
otherSide with its contrary Sign, 1 
then . - • J 

Laftly, tranfpofe ^, by putting*^ 

^ down the remaining Part off 

that Side of the Equation, and V 

i on the other Side with its con- 1 

trary Sign, and it is — - J 



^ 



a ... 4 -I-. d — m -f n 



a — ^+1/— m=^ — « 



8 a^t^d:=zp^nJ^m 



10 



a— *=/ •-•a-+-i»— i 



tf=^— ji+fflT— rf-f-i^ 



Hence 41, the ui&fiewo Quantity or Number of £gg|i> is 
equal to that Number reprdented by ^ fubilra&ing from it th^ 
Number reprefented by ». addipg to this remainder the.Numbeir 
reprefented b^ in, fubftrsiAin^ frospi this ^ Sum |be NamW 

' M 2 reprefented 
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reprcfcntcd by J, ^nd fidding to this winvndcr the Number 
rcprefented hy b. 

43 reprcfented by * 

19 reprcfented by « , 

24 or p--^n ] \ • .- 
7 reprcfented by m '/ 



31 or ^--«^;n' 
21 reprefenterihbyj ^ 

10 or pr^n^m--' 
ts reprcfented by,* 



< 



as the Number fought or a ; and therefore I fay the Man 
had 25 Eggs, Vrhich isj thus, proved, from the Conditions of thp 
Qucftion,., ,-. : 

. ' ' •' 

I fay the Man had . - t t 25 Egg$ " 

for if froni ^hcm ypu f^bftraft - -• i^ 

. : - 10 

And to that remainder add ^ ^ ^ 21 



And from this Sum fphftraA 

j { 

And tP this r«main4ei' ^dd. 



31 

7 



24 
19 



It makes what the Qjjeftjoli requires - - 4^ 

Queftion4- To ^nd aat^^mher to which 19 ieing added^ if 
from this Sum Wf fuhflfaa 50, and add 7 to the remainder^ 
and fuhftran 60 from this "Sum, and by adding 6 to, that re- 
mainder^ this Sum may te 22! 

Let a = Number fopgh^, U^ = 19; J =. 50, '^ = 7, « == ^o. 

Now I am to find a If umber ? 

which I call - I -*- J ^ ~^ 
To which^ 19 or b, being added ? 

we haVe% Art. 6. ^- 5 ^ ^ + * 
prom whid) Sura fubfiraAing7 

50<!>r^tbat 19^ coipfneftlngf 3 dX^^^d 

d, by -^he Sign ~, - sjpd it is 3 ' 

A«4 



5 "it 



8 



jff^|L_i^i9| 






Tos redticeraa-EqaaHoft. &c. 

And to this remainder adding 7 Y 
or «r, we have by Art 6. 3 
From this Sum fubfirafting 66 

or fly that is^ conneding 

by the Sign — 
And to this remainder adding 6 

of pj wc have 
And this iz-f-3-— i-}-m<^— ff ^^ ) 

is to be equal to 22 or ^ , hence 3 
Now to aniwer the Queftion, I^ 

tranfpofe p^ by putting down I 

the remaining Part of that I 

Side of the Equation, and p i 

on the otherSide with its con- I 

trary Sign, hence - - J 
Then tranfpofe », by puttii^g-| 

down the remaining Part off 

that Side of the Equation, > 

and ff 6n the other Side with 1 

its' contrary Sign, then - , J 
Then . tranfpofe m, by putting-^ 

down the remaining Part off 

that Side of the Equation, v 

and i^'On the other Side with! 

its c9ntrary Sign, whepce J 
Then tranfpofe V, by putting 

down the remaining Part 

that Side of the Equation 

and d on the Qther Side 

its contrary Sign, and 
liafi]y, tranfpofe i, by putting-| 

down the remaining Part off 

that Side of the Equation, > 

and k on the other Side with \ 

its contrary Sign, we have J 



.% 



a^i — d^tn — »+^ 

* » 



a^i — d^m-^n^sg^p 



10 



ii 



12 



a^i'^d'\'m^:zg* p I m 



a+i''^=zg^^pj^n'^m 



a-J^'ttsig'^p^rt'^m+d 






Hence a thq unknown Number, is equal to that Number re* 
prefented by f , fubftra^ting from it the Number reprefented by 
}} adding to this remainder the Number reprefented by n, fob* 
ftrading from this Sum the Number reprefented by mr adding 
to the remainder the Number reprefented by d^ and fiibftrading 
ffom t})is Sum tbc Num^r leprefentcd by t. 



22 the 



1^ "jf £ E ff:R a: 

6 the Number repfefent^d by p 
6o the Number reprefeated by n 

7 the Number repfeferitod by' m 

50 the Number repnefented by d 

119 or g — p ^n-^^m^d 
- x^.the-Nunibef iqu^nted by b 



100 the Number fouaht 01^ a^, whidb ii thc» proved) fsom 
the Conditions of the Qu^ftion* 

I fay the Number fougljt wat^ •* » « f oor 
*^ •F^rif^ to th^r youyuid ' ^^ * • n . 



i i. ^^9 

And from that Sum futfftraftjo *« - <o 






v\ 



A|id|.fi^tfai6xa;Bai4der^ ' - • 7 



And from the Sum fubflrad "^^ • • 60 



-« 



' Aadjidd^to thisH^ififuad^r * . * 6 

It makes what the Quei^ionf itquircs - 22 

The Diredions to the jtwo folto^ff| Quefti^nfs aire not quite 
fo copious, that the Jud^ent of the Learner ma/ be a little 



Queftion 5. J NumbeA of\Men were ^eilking me a Bmiing' 
Green^ line Man was ivondering to another bow many there were^ 
tb^otbOfrrepUed^ if foit fitbjfra» ^ from their Swn^ afid^add 15 
t$ tU' f^emainder, and fubfiraa 9 frm, tbtf Sum^ and add's^t^ 
thofromaif^der^ andfifipra€f ifrofAthatStim^ this wiU leave 100. 
^o^fiMd tH Number of Mn ontbk Bmling-Orien: 

Let tf= Number o| Men^ an (hfrB&wKng^-GiRdeHj Ai=:7» 
</==i5, ^=9, w = 56» «=s2, pzzioo. 



^. i 



T r 



— * 



I am to find the Number of 1 
Mep4)n the Bowling-Green V 
whifh I call . - *r 3 

Froffi mkmh 7 or b^ being! 
fubfthi^d, which is only > 
to oohnei^ b by the Sign -^ J 

To wJHch remainder adding ) 
15 gr rf, we have by Art 6. 3 

Frem^Meh Sum fubftra^ing 1 
9 oV 1^, or connecting I' by ^ . 
the -Sign — y and we have 3 | 

To tUr remainder add m or ) 



H 



56,1: by Art. £. 

Fmn-wfaidrSdm fubfiradin||) 

2 oiW; that IS, conneAihg^S 

n by the Sign — , it is 3 

i»t0.'i>l»^eqtiialC0 roti^k]^^)> 
. fcettee '^' '•'- • '-' \t i 

By imnj^ttg m we baVe - 

By tranfpoiing g we have - 

%4raiirp6fing^^/l««lMve •• 

By tranfpoiing b we have - ■. 



i 

7 



^1 



. ' ... • 



'«r-*-^''— ^+«^ 









h^ 



\- > 






i'o\a — *4-^=^+« — ^+t 



«fci;^+ to*H»-+^J' 



100 is the Number repirefe^t^^ iff 
2 or » to be added , '', 









102 or / + » 
56 or m to befuMiaAed 

46 or ^ + «<— ^i!;i /.. 
9 or f to be added * 






55 or<^rHif-*^W4-f 
15 or ^ to be fubftra£led 

40 or j^ + « ■— 1« •+• J ••— ■» 



47 the Number fought ol #i for tf ::;:A+» '^.»*+'iff 

.1 r . • - V 

Now to provd if 47 was khe Nm^? of J!4cii ih*t wcie w 
MowpogrQrc«l,Jc| tt» tJy if itwai «fw« ^fcc Cwdmons 
rftfic Qucftipn; , . • ; ^ 1 . 

I fty 



« f 

V 



t» 



At^ E B R A. 



I (ay the Number of M^ was 
For if from that you fubftead 

4 

And add to the remainder . 



4^ 



1^ 



40 
IS 



And from this SuixiYubflraft 



:^ / ' 



55 






And add tor that rfcmainder 



i 



46 
56 • 



S ■ 

And frbih that Suth fuEftr^^ ' i * - . 1 . - . . \ ! x«^ ? 
It makca what <hc qujcftioii reUri?3 ; 1^ -: '"floo^' ' 

giueltion 6. One Man reifitred m^h^u jM hi»uJi^i tt^Mf 

Jrom tbts bum fubjiraaing ^\ arift {adding 1 6 to^tbdt rems^if^^ 
f^,^^m,ih^f^umM and ^dipi^^tc.^ai^r^fm^ 

V X«t A35:^^N^uii|b|!Cat$*fiyiqgs the l^&ui W, >*s?;iil4ij^ x* 

The Man had a c«-tWi|> 
Number of Shillings AichT' 
I call ... 3 

To which 5 or ^, being added ? 

we have - - J 

From which Siim fubfira<ftlng 7 

3 or d^ we have - J 
To which remainder adding 7 

i6 or /w, we have - J 
From which Sum fubftrafting 7 

SO or «, we have - >J. 
To which remainder adding 7 



■"'It' »i-' It {■\ ,* 



> j^tff.k^itod c- 






•>o 



i^^T— «-!-'' 1^ c::. 



54 or py we have - J 

Wh1fcfr,rfi_2/4.>;iil.;?i^^4 

is to be equal to 43 or ^, f 

hence - . . j 

.The-a^ftfon belrt^ lit^tt-l ' 

^ prtflcf m Algebfn, B^ erkfll^V 

pofing^, we have - 3 

^» 

Y ' » ' 






'•^^ ?.^ 



4t al'+^^A— n¥i+^ 

I ■- ' ■ n 

5 ^4.^.— ^J^jTi-.^Tt- 



8 



By 



To reduce an Eqaation, &c. 89 



B^ trafifpofing n we bave -^ 
By tratifpofing m we have • 
By tranfpofing d we have * 
Laftly, by tranfpofing i we have 



10 
II 
12 



0. a-^b'^^d^zLf — ^-f-«-— /if 






43 is the Number reprcftntcd by q 
-—54 from which fiibftrading 54 or p^ there remains — 11 

-—II or ^ — p 

50 to w hich — II adding 50 or », the Sum is 39 

39 ^ ?—/> + « 

16 from which fubftra^ting 16 or m 

23 or q^-^^pJ^n — m 
3 to which adding 3 or ^ 



26 or ^•^^^^v-^/yi-f^^ 

5 from which fubftra£ling S or i 
21 hence 21 isthe Number fought ; Which is thus proved^ 

I fay the Man had - -^ 21 Shillings 

For if to them you add . . 5 

26 
And from that Sum fubftraA * ** 3 

^3 
And to that remainder add - - 16 



39 
And if from this Sum we fubftra£l • 50 



A^m 



There remains a negative or - - • •«— 1 1 
And if to this remainder we add - 54 



It makes what the Qiieftion requires - 43 * 

When a negative Number is to be fubftraAed from an afir^ 
motive Number, jjtnd the negative Number is greateft, as in the 
hft Qi/eftion, it is only to take the difference of the two Num« 
bers and place the Sign •— before it, and if the next Number to 
be added is affirmative^ and greater than the negative Remainder, 
then it is only fubftra(Sling the negative Remainder from the 
cffirtnauve Number which is to be addedf which will be tlM 
Sum. 

N W 



90 A L G E B R A. ^ 

If the Learner finds any Difficulty in conceiving this, he may 
coUed all the affirmative Numbers into one Sum ; and all the 
»^^<7//f;^ Numbers into another^ and fubftrading the Sum of the 
ntgativtSj from the Sum of the affirmattva^ the remainder is the 
Anfwer to the Queftion. 

In the laft Queftion, . 



The affirmative Quantities 
or Numbers are 


1 


? = 43 

y= 3 
96 

— 75 




21 =0 as before 



The negative Quantities 7 ^_ 

or Numbers are - j ^ ^^ 

• — »i=:^— 16 

-* = -5 



— 75 

■% 

To reduce an Equation hj Multiplication. 

47. In the lafl: Article, the unknown Quantity was conne<^ed 
with the known Quantities by the Signs -f- or — only, but it 
may happen that the unknown Quantity may be divided hy 
feme known Quantity ; in this Cafe, multiply every Part or all 
the Terms of the Equation by that known ^antity ; and the part 
of the Equation containing the unknown Quantity will now be 
multiplied and divided by the fame Quantity, then begin and 
take down this Equation, rejeding this Quantity from that part 
of the Equation where it both multiplies and divides the un- 
known Quantity, by Art. so. for it is in both the Dividend 
an4 Divifor, after this Equation is fet down, if there is any 
other Quantities connefled with the unknown one by the Signs 
r-f- or — , tranfpofe them to the other Side of the Equation as 
in the laft Article, by which Method we (hall have all the 
Icnown Quantities on one Side of the Equation, and the un- 
known one by itfelf on the other Side, which is the Solution^ of 
Jibe Qucftion. 

Queflioo 



To reduce an Equation, &c. gi 

Queftion 7. J Gamefler challenging another to plwf for as many 
Guineas as he had in his Hand^ the other required to kmw bow 
many there wero^ he replied if you divide them by 5 and add 19 
to that ^iienty I jhall then have 23 Guineas in my Hand. How 
many Guineas had he ? 

Let a = the Number of Guineas the Gamefter had, A = S» 

Then the Gamefter had a certain Num- 
ber of Guineas which I call 

Which being divided by 5 or A, the Quo- I 
tient is by Art. 27. - - * 



\ 



To which Quotient - if we add 19 or 
dy we have by Art. 6. ^ 

»?, therefore we have 
The Qucftion being cxprcffed in Algebra S 

by the Equation y +^=^^» ^^ which 

b 

Equation the unknown Quantity a being ^ 
divided by b \ now by the Rule multi- I 
pjy every Part or Quantity in the Equa- l 
tiop by bj and in this Multiplication, 
multiply only the Numerator of the 

Quantity - , or « by i, by the Rule 

of Vulgar Fra£lions in Arithmetic, 
then we have. 

Becaufe b is both In the Dividend and "^ 



Divifor of the Quantity 



ab 



hence 



db 



by the Rule rcjefting b from — only, 

and placing down the remaining Part 
tf , and all the other Parts of the Equa- 
tion,, without any alteration, we have 
Tranfpofing ^^ by the hft Article, it ) 
being a luiown Quantity, tb^n - - \ 

N 2 



a 
T 



T+rf 



J+d=^^ 



ab 



+bd:sibm 



a^bd^bm 



a^zbm^bd 
And 



9* ALGEBRA.. 

Awi the Queftion is now anfwered, for a the unknown Quan- 
tity is equal to the Ptoduft of the two Numbers repnefented by 
b and i», fubftraAing from it the Produd of the two Numbers 
reprefentbd by b and d. 

The Number rcprefented by b is 5, the Number re- 
prefemed by m is 23, which two Numbers being multi- 
plied is ^m or - - 

The Number rcprefented by i 13 S» the Number re- 
prefented by i is 19, which two Numbers being muhi 
plied is bd or 






"S 



95 



Subflrafling ^ i from bm^ that is, 95 from 115, leaves ? 
bw'-^bd or - - - - 3 

Which is the Number fought, or the Guineas the Gamefter 
had, and is proved from the Conditions of the Queftion, thus, 

I fay the Gamefter had -^ ' - 20 Guineas 

Soetf (halt Number is divided by 5, the Quotient is 4 
JBut if to this 4 we add - • 19 

It makes what the Queftion Kquires * 23 

Queftion 8. To find thai NunJ^ tohith being divided by 15, 
if to this ^ottMt f$je add 27, and fuhjira^ 13 from this Sum^ 
the remainder may kt equal to 1^ 



Let aTr tjs >3(umber fought, *=:r5, dzs.^^^ «=:J3» 
/=i8. 

Now I am to find * Number 
which I call 



Which being dividsc) by i^ or I 
^, we have by Arts. 27. { 

To which Quotient Q*" j » if we 



^dd 2j or d, we have by 
Art, 6. 
From, vfh^b Sum if we fubflraA 
13 or OT, 

by the Sigi 

a 
Which ^ -{-dirr-m is by the 



T" "7 — ■ 

:h Sum if we fubflraAS 
, that is^ contieft m > 



Quefiion, to be ecfual to x8 
pr ^, hencp we hate ^ 



I 



a 



b^ 






-+y-.i«?=^ 



\ 



Th« 



To redpcc an £q|aat}oD> &c. 

The Qocftion being now ex-*^ 
prel«d ia Jigihra by this £- 



qu^ltion -• -^ d '•^ mz=.p^ 
b 

and the unknown Quantity 
beiAg divided 1^ ^ begin 
by multiplying every Part of 
the Equation by h as in the 
laft Queftion, and then we 
have ' - 

Becaufe Ij^ is both in the Di-S 
vidend and Divifor of the 

j Quan tky — , rejeA b from 

this Quantity only as in the 
laft Queftion, and place down 
a and (he remaining Quanti* 
ties in the Equation without 
any alteration^, then we have . 

Becaufe m ^ is a known Quanti- '\ 
tjy tranfpofe it by the Direc- I 
tions in the laft Article, and % 
we have - , - J 

Becaufe J^ is a known Quanti- ) 
ty, tranfpofe it by the fame r 
Diredlions, and we have - 3 



I 



n 



at 

b 



^di^mh:s:pk 



8 



a + db-^mi=zph 



a '^db s^p b>^mJi 



a ssp b '^m b — «df A 



Now a the unknown Quantity being by itfelf on one Side of 
the Equation, the Queftion is folved ; for a^ the unknown Quan- 
tity, is equal to the Product of the two Numbers reprefented by 
p and by added to the Product of the two Numbers reprefented 
by m and ^, fubftradting from this Sum the Produi^ of the 
Numbers reprefented by the t^wo Letters d and b. 

The Number reprefented by p is i8, the Number re-l 
prefented by b is 15, the Prodni^ of thefe two Numbers f 270 
is^^pr -.- - - - 3 

The Number reprefented by x» is 13, the Number re-1 
prefented by b is 15, the Produ£l of thefe two Numbers f 1^5 
ism^or - - r - -3 

Add thefe two Produ£b together^i tte Sum is pb-^-mb or 465 

The 



*4 



ALGEBRA. 



The Number reprcfcntcd by d in 27, the Number re-"j 
prefcntcd by b is 15, the ProduA of tbcfe two Numbers/ 
is 405, which being fubftraclcd from the Sum of the l" ^^^ 
other two Produfls - . * .J 

• Jat2Lve$ pb'-\^fnb--^dh or - - - 60 

Therefore I fay 60 is equal to a^ or 6b is the Number fought^ 
which is thus proved from the Queftion. 

I fay the Nuqiber fought is - - 

For if that is divided by 15 the Quotient is 
To which Quotient or 4, if we add ^ -- 

The Sum is - - - 

And if from this Sum we fubftraA 

There remains what the Queftion requires 



60 

4 
27 

31 
13 



18 



Queftion 9. A Man being asked how many Shillings he had^ 

replied^ if you divide the Number I have by 25, and JubfiraQ 3 

frQfn that ^otient^ and then add 5 1 to this remainder y and frotn 

this Sum fubftraning A^o^JJhallhave I2 Shillings left. Hoto 

many Shillings bad he ? 

Yret a = the Number of Shillings the Man had, b =; 25, 
rf=3, i«=i5i, pzn 40, z =1: 12. 

Tjhen- the Man bad a certain 

Number of Shillings which I 

call 
Which bemg divided by 25 or 

by we have by Art, 27. - 




From which Quotient 

• we ful)ftraft 3 or d^ 

conncfting d by the 
To which if we add 51 or »i, 

we have by Art. 6. 
Frorti which fubftrading 40 or 

/, that is, conndfting p by 

the Sign — , , we have - 

Which -— ^/+OT — ^ is by 
. — p 

the Queftion, to be equal to 
J 2 or Zf hence we have 



a 
V 



a 

^'b 



— d 



4 



7- — dJf^m 



b 
a 
b 



- — rf + /» — ^ 



a 
b 






Th« 



To nduci: an Eqoition', &cl 



9^ 



46, ^ 



The QucAion being now ex- 

preflcd in Algebra^ and the 

unlcnown Quantity a being 

divided by b, multiply every 

Quantity in the Equation by 

*, as in the two laft Quc- 

flioos, then we have 
And xeje£ling b out of the' 
ab 

Quantity — only, becaufc 

it 13 in both the Dividend and | 
Divifori and let down the | 
reft as in the two laft Q^ie- 
fttons, we have 
Becaufe pb is z known (^an- "i 
tity, tranfpofe it by Art. . 
and we have 
Becaufc mi is a known Quan- 1 
tity, tranrpofe that in like J 
Manner, then we have - j 
Bccaufe Jb is a known Quan- 1 
' tity, by tranfpofing it we ! 
have - - ! 

Now it appears the- unknown (^antily or a, it equal 1 
, the Produfi of the two Numbers reprerented by z and b, added 
to the ProduA of the two Numbers reprerent«d by p and b, 
fubftrafling from this Sum the Produft of the two Numbers re- 
prefented by m and i, and adding to this -remaindci the Produ£l 
of the two Numbers reprcfcnted by d and i. 

The Number rcprefcntcd by z is 12, and that by i J 

u 25, the Product of thefe two'is ai, or - i 

The Number reprcfcnted by p is 40, and that by *1 

is 25, the Produa of thcfe two is p ft or - J ° 

Adding thefe two Produds together the Sum is xb-^pb, or 1 300 

The Number rcprefcntcd by m is 51, and that by il 

is 25, the Produd of thefe two is m i or - 3 '^'^ 

Which being fubftrafled from the Sum' of the other ) _- 

twp. leaves zb-^pb — mi or - - J 5 

The Number rcprefcntcd by <^ is 3, and that by i\ 
is 25, the Product of thcfe tWQ is db or - S "^^ 

Which added to the laft remainder, the Sum 1 
"Kb-^-pb-^mb-^-di or - - 



_ db+mb—pb^ 



-db+mb—pb = »k 



a—di-^mb = xb^ft 



a-^db=mb-\-pb — 



a = %b-\-pb — tni-^dh 



300 



100 
Now 







A L G U B R A. 



Now I txf the unknown Quantity tf, or tbe,N<Mnber of 
ShiHings the Man had, is too^ which it thus proved^ from die 
Conditions of the Queftion. 



I fay the Man had 

For if that Number is divided by 25, the Quotient is 4 

From which Quotient if we fubftra£l - 3 

Remains - - - i 

To which adding • - 51 

The Sum is « - - 52 

From which fubftra£ling - - 40 

There remains what the Queftion requires 



f 00 Shilling^ 



12 



Queftion 10. A Country Servant^ who undirjlood Algebra, was 
asiid By his Maftir how many Cows then wen in the Fields he 
repliedy if you add l^ to their Humbery and divide that Sum by 
8, and then add 19 to that ^oiienty andrfubftraif 11 from this 
Sumy there will be iz Cows left. How many Cows were there ? 

Let ^=: the Number of Cows, ^=13, ^=8, ms=:Z9» 
^=: II, ;r = I2% 



Now there were in the Field a 1 
certain Number of Cows /* 
which I call . - 3 

To wMch 13 or b^ being added ^ 
we have, by Art. 6.-5 

Which u^h being divided by 1 
8 or dy we have by Art. 28. \ 

To which if we add 19 dt m, 
we have by Art. 6. 

From which if We fubftrad: 
or^, we 
f with the Sign 

the Queftion, to be equal 
12 or Xy hence we hive 



I tf 



1 if We fubftrad: ill 
have by conne^ti^g ?- 
le Sign — - 3 



Which 




2 
3 



a 'J^i 
a o^ b 

■~7" 

d 

a -^ b 



+«i 



+ «-"^ 






-/=* 



Becittfit 



To redace an l^quation^ &c. 

fiecaufe a Che unknown Term, 

18 part of the Qjjantity T" ^ 

a 

which is divided by d^ there- 
fore multiply every Quantity ;> 
by dj that is, multiply every 
Quantity in the Numerator 
by d^ according to the Rule 
of Vulgar Fractions in Arith- 
tnetic, and we haVe 

Becaufe d is in every Term of 
the Dividend and Divifor of 

, ^ . ad + td 
the Quantity ^ — , 



97 



jeQ, the d^ from — ~ — 



re- 



on- 



ly, by Art. 22 and 24, and 
fet down all the reft as be- 
fore, then 

Now begin to tranfpofe pd^ it 
being a known Quan 
then we have 

Becaufe md isz known Quan- 
tity, therefore tranfpofi 
and we have 

Becaufe i is a known Quanti- 
ty, therefore tranfpofe it, and' 
we have 



U it;| 
itity, J 

Quan- 1 
>fe it, Jh 



ad+hd . . ._ ^ 
— ^ \^md'^pdistxd 

d 



8 



10 



a + b + md-^pd'sixd 



a'\'h'^md:=:xd'\'pd 
a-^'b^zxd'^pd-'-^md 



iiia^eixd^pd'^md'^h 



9 

By this it appears that ^» the unknown Qusthtity, is equll to 
the Produ^ of the two Numbers reprefented by x and d^ added 
to the Produd of the two Numbers reprefented by p and d^ 
fubftrading from this Sum the ProduA of the two Numbers re«- 
prefented by m and ^, fubftrafiing fiill from this remsunder tbe 
Number reprefented by b. 

The Produd of the two Numbers reprefented by ;rl g 
nA dy Ys xd ox - - - 3 ' 

The Produd of the two Numbers reprefented by ^ 7 g» 



and dy is pd or 
Tbe Sum of thefc two Produds \s xd'+pdf or 



184 



O 



Thi 
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'*Thc Produa of th«^ two NumUftri* reprcfeoted by ml ^^^ 
sind dy ia md or - • " ^ 

Which being fubftraacd from the Sum of the other ) ^^ 
two Produfb there remains xd^^pd — W d - J 

From which fubftniaing. the Number jreprcfcntcd by h 13 



The remainder is xd-^pd-^md—i, which is equal | 
to 47, or Jhe Number fought - - 5 



19 



And < that there were ig Cows in the Field* is thus proved, 
from the Conditions of the Queftion. . 



I fay the Number of Cows- were 
For if to them we add 



1 



••• 



»9 
13 



32 
19 



■rtHa^v 



ir 



12 



* An* divide that Sum or 32 by 8^ the ^otient is 
To which Quotient if we add 

The Sum is - - - 

From which Sum fubftraaing 

There remains what the Queftion. requires 

Quefiion 11. Two young Gmtkmen ivere difputirtg how nuiivf 
Men were at a public Diverjianr kft not etgreeingr they- ^re/imd tt 
to a thitdJ\erfon^JfDbo^biing skilled in Algebn^ btfiead <f a dire^ 
Jnfwefj replied^ that if you fubjira£f 115 from their Sitmy and 
divide this remainder by 50, and add 39 to that ^notien^ from 
wMcb Sum fubftra3ing^ i6» and adding 68 to this remainder 9 
this lafi Sum will be equal to lOi. How rnany^ Men Wife there ? 

• 

1m a s=. the Number of. Men, A^zs 1 15, c :s: 5p, d :s: 39, 
»=si6y ^ = 68, ^=101. 



There were • a certain 1 
Number of Men which f 
I call - - 3 

From which i iS^or A, be- 
ing fubftraaed we have 

Which remainder of tf-— ^, 
beio^. divided by 50 or 
Tj we have by Art. 28. 

-T« which Qaoti^t if W« 
add 39 or d^ we have 



a — h 

c 
a — h 



J^d 



From 



From this Sum 

iiibflradl i6 or 

. have 
To which remainder if we 

add 68 or py we have 

Which ^^ +d—n+p 

by the Queftion, is to 
be equal to loi or a*, 
hence 

Becaufe a^ the unknown" 
Quantit/i is part of this 

, which being di- 

c 

vided by f, therefore 
multiplying every quan- 
tity by r, as in the laft 
Queftion, we have 
Becaufe c is in every Term "^ 
of the Dividend and Di« 

vifor of rejefl: 

the Cj as in the laft Que- 
jftion, and ftt down all 
the reft as before^ and 
we have 

Now tranipoTe cpt it be- 1 
ing a known Quantity, > 
then it is - - 3 

Tranfpofe cn^ it being a 
known Quantity, and 
we have 

Tranfpofe cdj it being a 1 
known Quantity, and r 
we have - - 3 

And tranfpofing by it being 1 
a known Quantity, we > 
have . ' - - 3 



To reduce an E^a^o, &c. 

», we? 



99 



8 



1 



lO 



II 



12 



13 



c 






a — * 



+i/ — »+/=:jr 



ca^^ch 



'{-cd'^cnJ^cp^s.c^ 



a'^^hJ^cd'^€m^(p:s:fx 



I 



C'-^b'^cd^^cniszex-'^cp 



a''^b^cd:zie X'-^cp^cn 



"^bzizcxx^cp'^cH'^^cd 



az^cx'-^cp'^cn^^cd^b 



Hence it apfiears that tf, the unknown Quantity, ii equal to tht 
Produ(E): of the two Numbers ^r^eolftd by ^ and jf, fiiMradiog 
from it thp Product of the two Numbers repieftnted by c and p^ 

O 2 adding:..^ 



ioo ALGEBRA. 

adding to that remainder the Produ£t of the two Numben ro- 
prefented by c and n^ fubftrading from this Sum, the Produd 
of the two Numbers reprefented by c and d^ and adding to this 
remainder the Number reprefented by t. 

The Produft of the two Numbers reprefented by cl _ 

and A-, h ex or - - - -3 5^5^ 

The Produfl of the two Numbers reprefented by cl ^^ 

and^, is <^ or - - . - J 340o 

The remainder is ex — r^or - - 1650 

The Produft of the two Numbers reprefented by c\ « 
and «, is ^ « or t - - - J 

Which added to the laft remainder, the Sum is cxl ^ 
•^ep + cn or - ... J ^+50 

The Produfl: of the two Numbers reprefented by r 7 
and </, ised or 1950, which being fubftraScd - J ^^^^ 

The remainder is ex — ep-\-^en — edy or - 500 

Adding the Number reprefented by ^, or - 115 

Tbe^umis ( x-r^ e p +en^c d +b, which is equal J 7 
to a, the Number fought - - . ) "^5 

And that there were 615 Men is thus proved, from the Con- 
ditions of the Queftion. 

I fay there were - - - 615 Me« 

For if froni them we fiibftrafl: - - - n^ 

500 

And divide the remainder 500 by 50, the Quotient is 10 
To which adding - . i^^ 

The Sum is - - _ 



49 
From which fubflrading - . j5 

The remainder is 



To which adding - - - 68 
|t makes what the Queflion requires - . ""Toi ^ 

Queftion ^^^ There is a certain Number ttr which a being added, 

Tni 1Z7J / fr ^ ^'. '^-^"'^ '*" ^^'''''^' rvefuhjiraa 6 
W add loi to the remamder, from that Sum fuhftraeOpg la 
t\i9re remms 97, What is the Number fought t ' " 



U\ 



To reduce an Equation, &£• loi 

Let tf = the Number fought, i = 9, c=5> rf.==^> m=ioi, 
^ = 10, ^ = 97- 



Nowl am to find a certain \ 

Number which I call 3 
To which 9 or ^, being \ 

added we have by Art. 6. J 
Which being divided by ^ 

5 or f , we have by 

Art.. 28. 
From which being fub- 

ftraflcd 6 or rf, we have 



} 

To which adding 10 1 or ) 
my we have by Art. 6. 3 

From which fubftraaingl 
10 or ^, that is, con-^ 
ncaing/),by the Sign — 3 

Which l±i— i+OT 
c 

— p is to be equal to 
97 or Xy hence 
The Queftion being thus -j 
exprefled in JlgibrOf I 
begin and multiply by I 
f , for the reafon in the f 
laft Queftion, then we I 
have - - -J 

Rejeccmgroutof ' — 




} 



and fetting down the 
reft as before, then 

Now tranfpofing cp, it 
being a known Quan- 
tity, we have - - 

Tranfpofing cm, it being 1 
a known Quantity, we > 
have * - - 3 

Tranfpofing c dy it being ^ 
a known Quantity, we V 
have - - - 3 

Laftly, tranfpofing hy it 1 
being a known Quan- V 
tUyi we have * ) 



4 
5 



a ^b 

c 
a ^b 

c 
a^b 

c 
a + b 



— i 



— d^m — p 



a + b 



^^d+m'^pzzx 



10 



II 



12 



13 



14 



15 



ca+cb 



-^cd + cm-^cpssscx 



a+b'^cd+cm'^cpsszc 



a+b — cd'+cmzsL<x+'cp 
a + b — cdzii€X+*cp^^cm 

a+*b:^cx + cp'^cm+'cd 



roc ALGEBRA. 

TIsc jllgtbraic Operation being fiaiihed, the Numerical Work 
is thus. * 

The Produd of the two Numbers reprefented by ^ and ) g 
Xi h.cx or-- - - - 5^"^ 

The Produft of the two Numbers reprefented by c and ? 
^, is c^ or - - - - - 3 ^ 

The Sum is cx^cp or - - - 535 

The Product of the two Numbers reprefented by c and 7 
m, is rm or - ^ - - - - J 



505 



•*■ 



Subftrafting, the remainder is cx-^cp^^emox - 30 
The Produd of the two Numbers fepre&nted by e and ) 
dy is c d or - - - - -J-^ 

Adding, the Sum 18 cx-^cf^^^cm-^cd ot - 60 

The Number reprefented by i is 9^ fubftrafting - 9 

The remainder is c x^cp — cnt'-^c d-^^b^ which is ) 
equal to <7, or the Number fought - - 3 ^ 

Which is thus proved from the Conditions of Che Quefiion. 

I fay the Number fought is - - - 5r 

For if to this we add - •► - - 9 

The Sum is - - ' - - - 60 

Which Sum, or 60, being divided by 5^ the Quotient is' 12 
From which Quotient if we fubftra^ - - - 6 

'The remainder is - » - - 6 

To which adding - - - - lOl 

The Sum is - - - - 107 

From which fubfl:ra£ting - - - - 10 

Tb^r^ remsips whdt the Qi^ftion requires ^ - 97 



To reduce an Equathn hy Dtvifim. 

48. In the laft Article thf unknown Quantity was divided by 
a known' Quantity, in this Article the ynknown Quantity will 
be multiplied into a known Quantity ; when this happens, divide 
every ^a,ntity on heth Sidet of the Efuatian, by the fame known 
^anttty into which th^ unimvn ^antity is tnultifliid^ then you 

will 



To reduce an Equation, (Sc. loj 

will find the unknown Quantity tt> be mifhipliecl anA AmdtA }if 
the fame C^antity, noW place down this Equation, reje^ing cn- 
\j the Letter from that Qrantit-)', Where it nuihi{<lie» attd diVides 
the unknown Quanuty as in the Jall Articte ; then tranrpofc the 
Quantities as before, but if there dte none to be tfaoTpofcd the 
C^eAion is folved. 

If any Quantities are connefled with the unknottrn one hy the 
Signs -(- or —, it will be moft convenient for the Learner to 
tianfpole them before he begins to divide by the Rule juft given. 

Qucffion 13. A Ptrfin rtjuind annthtr ti ttll him itw many 
Sbillingt hi bad, hy faying that if thtir Numbir was miilliplied by 
13, and if from that Predua was fubflraStd 25 bt finuld then 
bavi 170 Shiilingt. Hem many &btUingt bad ht f 

Let^=: the Number of Shillings he had, J=:l3, <^— 25> 
m=: J70. 

A Perlbn had a certain Number of 

Shillings which I call - - ' 
Which bcinj; Hiultiplicd by 13, or b, we 

have by Art. 9. - - - 
From which Produft, or b a, if we fub- 

llraft 25, or d, we have 
Which remainder, or ba — d, is by the 

Queftion to be equal to 170, 01 m, 

hence . _ - 

fiecatiJe t^ is on the lame Side of the 

Equation with the unknown Quan* 

tity,* and conncified by the Sign — >, 

therefore tranfpore d, then 
There being no more Quantities to be ' 

tranfpofed, and the unknown Quan- 
tity being nuliiplied by b, therefoifl 

divide both Side* of the Elation by 

h Now ia dirided by b gives 



-t-t and m-^d divided^by i, ^nta 
""% - by Art. 28. therefore we 



ba — d 

b a — d-=s.m 

b a=.m~i-d 



ba W + i 

b * ""T" 
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Becaufe h is in both the Dividend and n 

ha 



Divifor of the Quantity — ieje£l h^ 

by Art: 20. and putting down the 
other Quantities without any altera- 
tion as in the foregoing Queftion, we 
have -.-*-- 



10 



a =: 



h^ 



From hence it appears that a^ the unknown Quantity, is equal 
to the Sum of the two Numbers reprefented by m and d^ dividod 
by the Number reprefented by h. 

The Number reprefented by w is - - - 170 
The Number reprefented by rf js - - - 25 

TheSum is OT-f^^ or - - -.195 



And dividing 195 or jw+rf by 13, ori, the Quotient is 



m 



+ rf 



or 15, which b a, or the Number fought. 

The Truth of which is thus prov^^ from the Conditions df 
the Queftion. 



I fay the Perfon had 

For if that is multiplied by 



15 Shillings 
13 



45 
15 



The Produa is - - 

From which fubftra^ling 

It makes what the Queftion requires 



19s 
25 



170 



Queftion 14. ^ Butcher fuing a Dr&vif going to Mar kit with 
a Number of Sheepy asked how many there were ; the Drover^ not 
heing difpokd to inform him^ anfwered^ if you multiply their Numker 
hy 9i and fuhftraa 157 from that Produa^ and add 168 to this 
remainder^ I Jhall then have 2000 Sheep. How mam Sheep had 
kef I 

•Lettf=: the Number of Sheep, b = Q, ^=157, w5=i68, 
/=;2000. 



Then 



To feduce ia Eqilatioiij &C4 



105 



} 



r dy being ) 
jfting ^ by r 



} 



Then a Dix)ver had a certain Number 1 
of Sheep which I call - - 3 

Which being multiplied by 9 or i, we 
have by Art. g. - 

l^j-om which Produft 157 or 
fubftradled, that is, conneft 
the Sign — , we have 

To which retnaihder adding 168 or m, 
we have by Art. 6. - - 

tVhich ha — d^m is by the Que- 7 
ftion to be equal to 1000 o^ p^ hence r 
we have - - - - 3 

Now according to the Rule begin with 
tranrpofing /», and we have 

Then tranfpoflng d^ we have - 

The Quantities b«ing now all tranipofed ^ 
that were conneded by the Signs -|- 
br — , and the unknown Quantity 
being multiplied by bi therefore by 
the Rule divide both Sides of the £- 
quation by i, but ha divided by k^ 

ba 



} 



gives 



by bf gives 



hence we have 



> and p —-m'{^d divided 
p '—*m-\-d 



by Art. 2S. 



ba 



6 
7 



8 



bit 



ba—d 



ba — d^ 



m 



b a-^-d-^mzsp 



m 



ba — d-=.p- 
ba^ip-^-m-^d 



b_a 
b 



P*-'"+A 



„^ pTrP»-¥ d 

"- 1 



keje^ng bj out of the Quantity ^» T 

becaufe it is in both the Dividend I 
and DiVifot, aiid jplacing down the f 
remaining Pares of the Equation with- 1 
out any alteration as before,, we have -^ 

The Algibraic Work is now iiniiiied, for the Unicndwn Quan- 
tity a is on one Side of the Equation by itfelf, and it appears 
that a the unknown Number is equal to the Number repfefented 
by py fubftrading from it the Number'reprefented by m, adding 
to this remainder the Number reprefented by d^ and dividing^ 
thb Sum by the Number reprefented hy b. 



TJ»« 



,o6 A L G E B R J. 

The Number rcprcfentcd by ^ is - - 2000 

From which fubftraaing the Number reprefcntcd by ? ^^g 

m^ which is - " " " 

1832 

157 



There remains p — m or 

To which adding the Number reprefcntcd by d 

The Sum is / — m + d or 



1989 



And dividing this 1989, or p — m + dy hy g. the Num. 

ber reprefcntcd by b, the Quotient is ^Zl^i-, or 221, which 

IS a, or the Number of Sheep the Drover had j and is proved by 
the Conditions"^f the Qucftion thus. 

I fay the Number of Sheep were - - a^i 
for that being multiplied by - - 9 

The Produa is - - - - . 19^9 

From which fubftrafting - - - ^57 

There remains . - - 

To which adding 

It makes what the Qucftion requires 



1832 
168 

2000 



Qucftion 15. A Man being asked what he gave for his Horfij 
anfweredy if you multiply the Number of Pounds 1 gave by 5, and 
then add 15 to this ProduSl^ and from that Sum fubjira^ 50, 
and to this Remainder adding 25, from which Sum fubftra£ting 
15, this Remainder will be equal to 8o, fVhat did he give fvr 
his Horfe ? 

\M a =s what he gave for the Horfe, ^ = 5, d:=z 15, r= 50, 
^ = 25, /w =1 15> •* = 80. 



The Pcrfon gave for the Horfe 

a certa'm Sum which I call 
Which being multiplied by 5, 

or i, we have by Aft. 9. 
To which Produft, if vtnc add 

15, or ^, we have by Art. 6. 
From which Sum fubftrafting 

50, or c, that is, conncfting 
. c by the Sign — , we have 



I 

a 



• 



a 

ha 

h a '^d 

b a •\' d-^c 



To 



To reduce an Equation, &c. 
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To which remainder adding 25, 

or pj we have 
From which Sum fubftrading 

15, or »i, we have 
Which ^tf + ^/ — f+^ — OT 
is hy the Queftion, to be 
equal to 80, or Xy hence we 
have - - - 

Now by tranfpofing iw, we have 
And by tranfpofing p^ wc have 
And by tranfpofing f, we have 
And by tranfpofing ^, we have 
The Qi^iantities conneQed by"" 

the Signs + ^^ — ' ^^''^S 
now all tranfpofed, I obferve 
the unknown Quantity, to 
be multiplied by ^, therefore 
divide every Term in the E- 
quation, or both Sides of the 
Equation, by b. Now divid- 
ing ba by i, it is — , and 
dividing X'\'m — p-^-c — d by 



by we have 



y +IW — p -^c — d^ 



as in the foregoing Queftions, 
hence We have 

Rejcfling the by out of the>^ 

Quantity — , bccaufs it is 

in both the Dividend and Di- 
vifor, anci placing down the 
reft of the Equation without 
any alteration as before, and 
we have - -J 






5 
6 



8 

9 

10 

II 



m 



'3 



ba-'^^d — c^p'^m 

ba^d-^C'^p'^m^s^x 

ba^d^r~c^p^=i9t^m 
ba-^d^^c^x^ffi'-^p 
ba'^d = X'\'m'^p'^c 
ba^x-^m — p-|-c — ^ 



3_£ 

b 



jf-f-»i-^^ 4"^""^ 



^= * 



That is, tf, the unknown Quantity, is equal to the Number 
reprcfented by Xy added to the Number rcprefented by jw, fub- 
ftra^ing from that Sum the Number rcprefented by py adding to 
this Remainder the Number reprefented by r, fubftrafting from 
this Sum the Number reprefented by dy and dividing thw Re- 
mainder by the Number rcprefented by A. 

^ . P 2 Now 
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Now 4r is - - - - r 80 

To which adding m ox - - ^ 15 

The Sum is 4f+»?, or - - 95 ' 

From which fubftrafting j&, or - - . 25 

There remains f-j-m-^^, or -; - 70 

To which adding r, or r r -^50 

The Sum is 4r -{> m — ^ -+- <■ , or -^ - 1 20 

From which ftjbftraAing </, or r r 15 

There remains ap + w -r ^ + f -- i, or ^ ' 105 

Now dividing this 105, or x-^m—p-^c—d hy *, or 5, 
the Quotient 1$ —I- ^Z_._., or 21, whiqh is equal to a 

or the Price of the Horfe. 

And that the Horfe cod 21 Pounds is proved from the Con- 
ditions of the Queftion, thus. 

^ I fty the Porfe coft ... 21 Pounds^ 

For if that is multiplied by - , - 5 

The Produ<a is - . . "7o5 

To which adding - . 15 

The Sum is - . . 120"" 

From which fubHrafting - . ^0 

There remains - - . Z^ 

To which adding - - 25 

The Sum. is - - , g^ 

From which fubflrading * . - . i^ 

Tjhere remains what the Queftion requires - 80 

Queftion i6. Ti^e is a certain Nuntbe,r which btivi muUipUii 
h h V from this Product we fubfiraif 21, and to this Remain^ 
der add ii, and from this Sum fuhftrqa 23^ and add to this Ri- 
tnainder 33, this laft Sum will be 210. fFbat is the Number 

Let a= the NumbeE fought, * = 7, rf=2i, *•— ir 



To reduce an Equation, C^^. 
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Now there is a certain Number 
fought which I call 

Whieh being multiplied by 7, 
or bj we have by Art. 9. 

From which fubilrading 21, or 
df that is, connecting d by 
the Sign — , we bs^ve - 

Jo which adding 11, or x, we 
have by Art. 6. 

Jrom which fubftrading 23, or 
ff that is, conneding c by 
the Sign — , we have - 

To which adding 33, or ^, we 
have by Art. 6. - - 

And this ha — JJ^^x-^c-^p 
is by the Queftion, to be 
lecjual to ^ip, or r, hence we 
have 

The Queftion being now ex- 
preiTed in Algebra^ begin the 
Solution by tranfpofing^, and 
then we have 

Tranfpoiing c we have 

Tranfpofmg x we have 

Tranfpofing d we have 

AH the Quantities being now 
tranfpofed that were conned* 
cd by the Signs -f* or — -, 
and the unknown Quantity, 
being multiplied by by ui- 
viding every Term, or both 
Sides of the Equation by 3, 
as in the laft Example, then 
we have 

Now reject by out of the Quan- 

b a 
tity *-r-, becaufe it is in both 
b 

the pividend and Divifor, 
find feting down the remain- 
ing Parts of the {Equation, as 
in the laft Queftion, and we 

have , r 



ba 



ba^d 



8 



b a -^ dJ^x 
ba^^d-^x-^cJ^p 



ba^^d+x-^c+p^zr 



12 



► 

ba-^d^^r-^p^C'^x 
ba:szr-^p'\^C''-'X'\'d 



b a rt^p+C'^x+d 

T = 1 — ^ 



. , 



Now 
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Now to find what 0, is in Numbera. 

> 

The Number repreiented by r, is - - 210 

From which (vhttn£t'mg the Number reprefented ) 
by pj which is - - - - J ^^ 

There remains r—/>, or - - 177 

To which adding the Number reprefented hy c - 23 



TheSum is r— -^-(-r, or ... 200 

From which fubftraAing the Number reprefented by jir 11 



There remains r— ^-f-r — *■, or -^ - 189 

To which adding the Number reprefented by i - 21 



The Sum is r — P + c — *•+^^ or - - 210 

And dividing this 210 by by or 7, the Quotient is 

' 7 , or 30, which is equal to ir> or the Number 

fought, and is thus proved. 

I fay the Number fought is ^ - - - 30 

For if this is multiplied by - - "7 

The Produfi is - - 

. From which fubftradling 

There remains . . - - 

To which adding 

The Sum is - - - - 

FFOfn- which fcibAra£ling 

There remains 

To which adding' . - 

The Sum is what the Queftion requires - 2to 

Queftion 17. J Gamefter challenged another to play with him 
for as many Guineas as were in his Hand ; but being asked how 
many there were y anfweredy if you multiply them by lOj and fub- 
firaik 100 from this Produh^ and to this Remainder adding 55, 
and from this SumJubJiraSf 31, and adding to this Remainder 1 15, 
/ Jhall then have 539 Guineas. How many had he atfirft ? 

Let^ = the Number of Guineas he had, b =: 10, € = 100, 
J = 55, w = 3i, jf = iis, /> = 539, 

Then 



210 

21 


189 
II 


200 

- n 


177 
33 
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Then a Gamefter had a certain 1 I 1 

Number of Guineas which I M 1 1 a 

call - ' - .- 

Which being multiplied by lo, 

or ^, we have by Art. 9. 
From which fubftrafting 100, 

or Cy we have 
To which adding 55, or rf, we 

have by Art. 6. 
From which fubftradling 31, or 



III 



Ply we have 



3 

4 

5 
6 



b a ^^ c 

b a — c -^ d ^^m 



To which adding 115, or x^ 

we have 
Which by the Queftion is to ^ 

be equal to 539, or py hence ^ 

we have - - ^ 3 

Then by tranfpofing x we have 
Tranfpofing m it is 
Tranfpofing d we have 
And tranfpofing r - •* 

Now divide by by as before di- ) 

re£Ud« and we have - 3 

placing down the reft as be- 
fore, then 

The Queftion being now folved in AlgebrOy we are by that to 
find what a is equal to in Numbers. 



ba — c^d — m4-^ = ^ 

ba — cA^d — m'::zp — x 
ba — ^-f-^=^ — X -^m 
ba — f =^ — jf-|-»» — d 

d^c 

__ ^+g 

^■~ b 



8 

9 
10 

II 1^/1=:^ — x^m 

^^\b a _ p—xA'm^ 




13 tf = c z_ :j^ 



Now p is equal to - - 

From which fubftrafting Xy which is equal to 

There remains p — jr, or 

To this adding m, which is equal to 

The Sum is p — x 4- /w, or 

From this fubftradling dy which is equal to 

There remains ^-— ar -J- « — ^^ or 
To this adding r, which is equal to 

TheSumis f — ;f+»r— •rf+tf, or 



539 
115 



424 
31 



455 
55 



400 
100 



500 



But 
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But dividing this 500 by b^ Which is 16, the Qiotie'nt is 50; 
for the Number of Guineas the Gameftet had ; and is thus proved 
from the Conditions of the Queftioii. 



i fay the Gamefter had - - 

For if that Number is multiplied by 

The Produd is - - 

From which fubftraAitig 

There remains - - - 

To which adding •- 

The Sum is 

From which fubftraAing 

There remains 
To which adding 

The Sum is what the QuefUon requires 



56 Guineas 
10 



SCO 
100 



400 
55 



455 
31 



42+ 
"5 



539 



Queftion 18. A Perfon being asked hew many Hours it w&e 
paft Noon J replied, if you multiply the Number of Hours pajl 
Noon by 7, and fubjtra£l 5 from that ProduH, and to this Re- 
mainder add 9, and from this SumfiibftraSt 3, and to this Remain- 
der adding 4, this Sum will be equal to 12. How many Houfs 
was it pqft Noon^ or what of the Clock was it ? 

« 

Let az^ the Number of Hours it was paft Noon, or the 
Number fought, i» = 7, p^=^ Sy ^;=9) ^=3i bzsi ^ 

jir = 12* 



{ 



Then there is a certain Number T 

of Hours paft Noon^ which \ 

i call - . - J 

Which being multiplied by 7 

or m, we have by Art. 9. 
From which liibftradling 5 or ) 

p^ we have * - j 

To which adding 9 or dy we ] 

have by Art, 6. - - J 
From which fubftrading 3 or 

r, that is, connefiing c 

the Sign — -, we have 
To which adding 4 or b^ we I 

have by Art, 6. - -» J 



ma 



m 



m a*'^ p 



m a 



"** p ^* ^ 



ma^-^p'+d'-^^ 

Whicli 



To reduce an Bquat'ton, &c. 



»»3 



Which by the Queftion is to be ) 
equal to I2, or a*, hence S 
Now tranfpofe b, and we have 
Tranfpofing f - - 
Tranfpofingrf ^ . * 
Tranfpofing^ - * 
Now dividing by m^ as in the 
former QueflionS) and we 
have - 
RejeAing m from the Quantity 

) as before, and we have 



171 



I 



7 
8 
9 

10 

It 

12 



13 



ma — ^-J-rf— if-|-i = * 

«/?! — p'\'d — c^x-^b 
ma — p-^d=zx — b^c 
ma^^p:=zx — h^c — d 
ma:=zx — ^ + c— rf+/> 

ma fic-^^b-^c — d^p 
m tn 



a = 



x^hArC-^d^t 






m 



12 

4 



The Algebraic Work being finiflied j we are to' find what a iS 

in Numbers. 

• 

Now X is equal to ^ * ^ * - 
From which fubilrading ^^ or - ^ - 

There remains jf — i, or - - *^ - 
To which adding r, or - 

The Sum is 4f -*-^ + r, or - - • 

From which fubftra£ling ^^ or •« - « 

There remains x-^b-^c — </, or - 



8 
3 



II 
9 



7 



To which adding p^ or 5, the Sum is ;r— i4"^"^^+^ ®^ 7 

And dividing this by m^ or 7, the Quotient is i, which 
19 equal to a^ or the Number of Hours it was paft Noon^ 
hence it was i of the Clock in the Afternoon. 

Which is thus proved, from the Conditions of the Qgeftion. 

I fay the Number of Hours paft Noon were 
For if that is multiplied by '- -& - 

The Produ6l is - - - 

From which fubftrafting 

There remains **-.-- 

To which adding * - - 

The Sum is - 

From which fubftrafting * *• * 

There remains -» - - - 

To which adding - - • 

The Sum is what Ihe Qyeftion requires « 



7 




5 




2 




9 




IT 




3 




8 




4 





IZ 
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f'o reduce an E^uatUn ly InvQlutim. 

49. Hitherto there has been no Equation in which the uif* 
known Quantity has had the radical Sign prefixt before it, or 
bas been conne£led with other *known Quantities under the ra« 
dical Sign, but as this is a Cafe which frequently happens, we 
are now to explain the Manner, how fuch Equations are 
managed. 

If any Part of an Equation is a furd Quantity, but the un- 
known Quantity is not under the radical Sign, then there is 
no occafion to clear this Equation of its Surds:^ but if the un- 
known Quantity is under the radical Sigh, then the Equatioa 
muft be cleared of its Surds. 

And when there is a given Equation where the unknown ^an^ 
iiiy is under the radical Sign^ and there are more Quantities 
without the radical Sign on that Side of the Equation, and con- 
neded by the Signs -f< or — -, tranfpofe all thofe Quantities 
which are without the radical Sign, to the other Side of the E- 
qiiation; then raife both Sides of the Equation to the Square, if 
the radical Sign exprefles the Square Root, or to the Cube ; if 
the radical Sign exprefles the Cube Root, and fo on, by which 
means the Equation will be cleared of its Surds. 

Then* if there are no known Quantities on the fame Side of 
the Equation with the unknown one the Queftion is folved, but 
if there are ftill known Quantities on the (ame Side of the Equa^ 
tion with the unknown Quantity, the Equation is to be reduced 
by fome of the Methods before explained, at Art. 46, 47, 48. 

The Square Root is .exprefled by this Sign i/, and the Cube 

3 

Root by the fame S^n with a 3 on the Top, thus \^ that if any 

Root is taken befides the Square Root, the Figure over the 
Sign fhews what Root it is, but when it is only the Square Root, 
then there is genetaliy no Figure over the Sign. 

Queftion. 19. T%v9 Gentlemen were talking of the Number of 
Acres there were in a Park^ the Park-Keeper being prefenty and dif- 
pofed to Jhew his Learnings told thenty that if tbej extracted the 
fquare Root of the Number of Acres there were in the Park^ 
from which fquare R$ot fubJiraSiing 5, this Remainder wilt bt 
equal to 50. How many Arcis 'w.er* there irp the Park ? 

Let 



Let a 
d=SO. 



To reduce an Equatioo, &c. 1 15 

the Number of Acres there were in the Pvk» ^ s? 5^ 






« 
Now there were a certain Number of 

Acres in the Park which I call 

The Square Root of which, by Art 

^ 33- is 

From which if we fubftrad 5, or hj 
that is, connef^ing b by the Sign ~- 

Which i/ fl : — b by the Queftion, 
is equal td 50, or dy hence - 

The Queilion being now exprefled 
in Jlgebray and obferving that b^ 
is notunder the radical Sign, there- 
fore tranfpofe i, then 

Now all the Quantities being tranf-' 
pofed, which were not under, the 
radical Sign, begin and fquare both 
Sides of the Equation, as the ra- 
dical Sign exprefles the fquare 
Root. But the Square of ^a is 
tf, by Art. 43. and the Square of 
d'\-b b dd-^zdb-J^bby by 
Art. 32. and making thefe equal 
to one another, for the Square of 
equal Q^rantities or Numbers muft 
be equal, and we have 



Hence it appears that a^ the unknown Quantity is equal to 
the Square of the Number reprefented by dy added to twico the 
Produd of the two Numbers reprefented by d and ^, and this 
Sum added to the Square of the Number reprefented by b. 

^he Square of the Number reprefented by di$ dd^ or 2500 
The Product of the two Numbers reprefented by df 
and bj is d b or 250, and twice that. Product is r 500 
2d by or - - -. - -3 

The Sum is dd"\^2dby or - - 3000 

The Square of the Number reprefented by b is bb^ or 25 



a^dd+2db'{^bb 



* The Sum is dd-^-adb^^bb or 3025, which is) 
sc: tf, or the Number (ought - • . S 



3025 



Q.a 



Hence 



xi6 
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Hence, I fay there were 3025 Acres in the Park, which is 
Chos proved, from the Conditions of the Queftion. 



The Number of Acres in the Park were 

Now the Square Root of that Number is 
From which fubftrading 

There remains what the Quefiion requires 



55 
5 

50 



Queftion 20, jf Per/on^ who had been fortunate at Gaming^ was 
Risked how many Guineas be had won, to which he, anfweredy that 
if the fquare Root of them was extraSied^ from which Root fub- 
Jir acting 7 he Jhould th^n have 1 6 Guineas. What Number of 
Guineas did be %vin f 

Let f = the Number of Guineas be won, 3 =? 7, ^=16, 



1 



I 
2 

3 

4 



a 



h 

h 



1^4 = ^+* 



Now a Pcrfon won a Number of 

Guineas which I call 
The fquare Root of which by Art. 

33- » 
From which fubftrading 7 or b^ we 

have - - 

Which ^/a -s^ i by the Queftion, b 

to be equal to 16 or d^ hence 
Now becaufe 3 is a known Quantity, 

and not under the radical Sign, 

therefore tranfpofe h^ • then -^ 
All the Quantities not under the ra- 
dical Sign being now tranfpofed, 

in order to clear the Equation of 

the Surds, raife both Sides of the 

Fquation to the Square or fecond 

Power, But the Square of Va is 

<i, by Art. 43, and the Square of 

y-f 4 is ddJ^%db^hb^ by 

Art. 32. and making thefe two 

equal to one another, for the 

Square of equal Quantities or Num- 
bers muft be equal, and we have 

That is to fay, the unknown Quantity or tf, is equal to the 
Square of the Number reprefcnted by rf, added to twice the Pro- 
<iu<a: of the two Numbers reprefcnted by d and h^ which Sum ia 

tQ bs ^W^J to the Scjuare of the Number feprcfented by b. 

Thft 



I 



«lr;:idd-\-%dk-^bi. 



To reduce an Equation, (^r- i \j 

The Square of the Number reprefented by ^ is dd^ or 256 
The Product of the two Numbers reprefented by d and \ 
hj vidb^ or J 12, and twice that ProduA is 2dh^ or \ ^^^ 

TheSum is ^ J+2if, or - - - ^go 

The Square of the Number reprefented by 3 is Ji, or • 49 

The Sum is d d -{^2 di'+i By or 529, which is equal ) 
to Oi or the Number fought « •. • 5 ^^^ 

Therefore the Perfon won 529 Guineas, and is thus proved, 
from tlie Conditions of the Queftion. ^ 

I fay the Number of Guineas he won was « - 529 

For the fquare Root of that Number is * * 23 

And if from that Square Root we fiibftrad * - 7 

There remains what the Queftion requires " ^ 16 

Queftion 21. J Giniliman ba^ng fold bis EftaU^ an imper^ 
tinent iUittrate Pirfon asked him what hi badjild it fir ^ wbf 
S/r, rtpHid bf^ if you extraSf tbi fauan Root rf tbo Number of 
Guineas for wbifh I foU sty and tben add IJ to tbat Number^ 
this Sum will be equal to^iT^ ^^^ ^'^V Guineas bad tbe Gentle^ 
man for his Eflate ? 

Let a =;i: the Number of Guimas for which the Gentkauui 

fold his Eftate, i 5=i 17, </;^ 317. 

Now a G^sntleman fold his Eftate for } I 
a Number of Guineas which I call j | 

The fquare Root- of which by Art. } 
33. is - - - - J 
. To which 17, or I, being added we 
have - • - . 

Which i/tf-f- J by the Queftion, is 
to be equal to 317, or dy hence 

The Queftion being now cxprcflcd-^ 
in Algebra^ and becaufe b h z I 
known Quantity, and not under > 
the radical Sign, therefore tranf- | 
pofe by and we have 

Now fquare both Sides of 'the Equa- 
tion, and make them equal to one 
another, for the Reafons mention- 
ed in the two laft Queftion^, and 
wch^VQ ^ •» . . -^~ 



} 
} 



i/a 

\/a + b:s:d 



^azizd'^b 



azzdd-^idb+bB 



From 



!iiS 
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From hence, iK^e know that tf, the unknown Quantity is equal 
to the Square of the Number reprefented by i/, fubftmdling from 
it twice the Produd of the Numbers reprefented by J and t^ 
and adding to the Remainder the Square of the Number repre- 
fented by i. 

The Square of the Number reprefented by d is? ^^,o 
rfrf,or . . ... -^ - J '^0489 

The Produd of the two Numbers reprefented by ) 
h and d^ is dby or 53899 and twice that Produft is r 10778 



2dbj or 

Which bdng fubftraded the Remainder is ^il 
^^'2db^ or - - - - 1 

The Square of the Number reprefented by^ is Y 
**, or - - •• - -I 

The Sum is dd'-^zdh-^-^hb or 90000, which I 
is equal to a^ and is the Number fought - 3 



89711 
289 

90000 



Now that the Eftate was foU for 90000 Guineas, n thus 
proved, from the Conditions of the Qi^on. 



I fay the Eftate was fold for 

For the iquare Root of that is 
To which if we add 

The Sum is what the Queftion requires 



90000 Guineas 



300 
17 



317 



Qieftion 2f . A y^ng GentUmany when bi came ef Age^ asked 
bis Guardian ibe annual Rent of the Eftate his Fatker Uft bim^ t§ 
which hi was anfivered^ that if be epctraSfid tbefquare Root of 
the Nufhher of rounds for which the EJiate was rented^ and to 
this RMtf if bo added 27 // %vould he equal to lOO Pounds. 
fVbat was tie annual Rent of thi Eflate ? 

Let a =s the Rent of the Eftate, m = 27, x:si loo. 



Now the Rent of the EftatCL was - 
The fquare Root of which by Art 

33- " - - - 

To which 27, or m^ being added we 

have • - - 

Which by the Queftion 1ls to be equal } 

to 100, or ^j hence ->- * ) 






I 


a 


2 


^a 


3 


i^a + m 


4 


^S'+'tn 



sr^r 



The 



f- 



l/tfS=*— 



To reduce an Equation^ &c. 

The Quefiion being now cxprcfled -| 
in Jtgebra, begin by tranfpofing I 
199, for ihe Reafons mentioned in > 
the former Queftions^ and then I 
we have - - - J 

Now fquaring both Sides of the £- "i 
quation, to take away the radical I 
Sign, as was done in the foregoing T 
Queftion, and tlven we have - J | 



119 



azsLXX'^ixm-^'mm 



And there being no more Quantities to be tranfpofed the Que* 
fiion is foived, for we may find the value of a^ in Numbers, 
from the Algtkraic Work, thus 

The Square of the NuiQber reprefented hy xvixxy or loooo 
The Product of the two Numbers reprefented by 1 
the X/etters x and m^ is xm^ or ^700, and twice that > 5400 



ProduA is 2 a* m, or 
Which 1)eing fubflrafted leaves xx'^2xmf or 



4600 



The S<)uare of the Number reprefented by mis mm^ or 729 
The Sum is 5319, or xx'^2xm^mmf which is) 



equal to a^ or the Number fought 



53^9 



And that the annual Rent of the Eftate was 5329 Pooads, 
may be thus proved, from the Conditions of the Queition. 



I fay the annual Rent of the ESate was 

For the fquare Root of that is 
To which there being added 

The Sum is what the Queftion requires 



5329 Pounds 



73 

^7 



100 



Qi^eftion 23. To find that Numbir tc wbicb 1290 hiing aidii^ 
if tbi fquare Rfi9t of this Sum is ixtra£i0d^ from which Root fub* 
ftraning 29 the Remainder may be equal to ji. 

Let tf = the Number fought, ^= 1290, ^=: 29, x = 71, 



} 



There is a Number fought which 

I call 
To which 1290, or b^ being 

added we have 
The (quare Root of which Sum 1 

by Art. 34. is - - 5 



I 

2 

3 



a 



a+b 



^a + b 



From 
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■ equal 



•a-4.A=:*4-i 



* + *=** + 2»rf+rfrf 



From which fubflra^ing 29, or 

df we have 
Which by the Qucftion 

to 71, or X, hence 
Now begin the Solution, with* 

tranrpofii^r J, jt being a known 

QjantitT, and not under the 

ndical Sign, and then - 
All the Quantities on one Side 

of the Equation being now 

under the radical Sign, to 

take away that, as the un- 
known Quantity is under 

it, fquarc both Sides of the 

£t[uation as before. Now the 

Square of t/a-^b is a -f- 4, 

by Art. 43. and the Square 

of X'+'d is xx+ixd+dd, 

by Art. 32. and as the Squares 

of equal Numbers, or Quanti- 
ties, muft be equal to one ano- 
ther, hence 
Now tranfpofc h, it being a', 

known Quantity, and then | ** <» = **4- 1 *</-}-</ J— .* 

From whence we may find the Value of tf, in Numbers. 
Thus, 

The Square of the Number reprcfented by * is xx, or S04I 
The Produa of the two Numbers reprcfented by * J 
and ji, is^*rf, or 2059, "id twice that Produft is^ 4118 
2xaf 01 - _ . _ _3^ 

TheSumis** + 2*V, or - - - T^TZ 

The Square of the Number reprcfented by d is dd, or 841 
TheSumis **+2jrrf+</^, or - - . loooo 
From which fubftrading the Number reprcfented by * 1290 
There remains 8710, or xx-^ixd + dd-^i ? 2 
which is =a, or the Number fought - - S ^7" 

Which is proved thus, from the Conditions of the Queftion- 



Ifky 



To reduce an Equation^ &€. 

I fay the Number fought is • *. - 

For if to that we add 

The Sum is - - - - 

The fquare Root of which is - - 

From which fubftraSing 

There remains what the Quefiion requires 



121 



8716 
1290 

1 0000 

^ 

71 



Queftion 24. A Perjhn bang asked bis Age^ npUid^ that if 
from my Age you fubJiraSf 11, and extract the fquare Root of the 
Remainder y to which Root adding 13, this Sum will be ejual to 
20. JVhat was the Age of the Perfon ? 

Let a == the Number of Years, or Age of the Perfon, t =: j i, 
j»= 13, </=2o. 



Now the Agp of the Perfon is 
From which if we fubftrad 11, ^ 

or b^ we have - - S 
The fquare Root of which by ? 

An. 34. is - ^ S 

To which adding 13, or f», we ? 

have - - - S 

Which by the Queftion, is equal 7 

to 20, or d^ hence we have S 
The Queftion being thus ex- 

prefied in Algebra^ and m not 

being under the radical Sign 

therefore tranfpofe m^ then 
Now fquare both Sides of the" 

Equation, to clear it of the * 
. Surd, as in the former Que- 

ftions. But the Square of 

Va — ^, is a — by by Art. t 
43, and the Square of d^-^m 
by Art 32. is dd-^l d m 
J^mm^ then as the Square of 
equal Qtiantities are equal, we 
have - - - 

And by tranfpofing b^ we have 




I 
% \a 



3 
4 
5 



Va — b : 



Va — b : -|-« 



*/a — ^ : -I- m =: 



i/tf — i = i— /w 



8 



a — 3=^^— -2 dm +« in 



at:^dd'-^idmA^mm*\^h 



By which we may find what a is in Numbers.- Thus^ 

R Tho 
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The Bquart of the Number rcprcfentcd by rf is rf^ or 400 

The Produft of the two Nombcrs rcprcfentcd by u?? 
aAd «, b rf»> o>^ ^60, and twice that Produft is 2^iw, o rS ^ 

'Which 520 being fubftraaed from 400, leaves dd'l ^^^^ 
•-2i»i» or — 120, fee Queftion 6. - - 5 

The Square of the Number rcprcfentcd by w is w m, o r 169 

Which 169 being added to— 120, makes di^zimK 
^mm, or +49» ^^c (^ftion 6. / - ' ^ ^ 
To which adding the Number rcprcfentcd by * ' n 

The Sum is 6o, which I fay is =a, or the Age of the Perfon 60 
And is proved from the Conditions of the Qi^^fiion, Thus, 

I fay the Perfon was - - - 60 Years old 

For if from that you fubftraft - - " 

There remains - - • 49 

The Square Root of which is - - 7 

, To which adding - • - 13 

The Sum is what the Queftion requires - 20 

To nduci §n Equation bj Evolution* 

50. This is done by the Extraftioa of Roots, for if after all 

the known Qu^^^^^^ ^^^^ ''^^ carried to the other Sde of the 

Equation Troih the unknown Quantity, and it appears that one 

Side of the Equation is the SparSy Cube, or any Power of the 

unknown Quantity, then you muft txtn& fuch Root of both 

Sides of thcEquation as will dcpreft or lower this Power of the 

unknown Quantity to thtjirfi Power, that is, if one Side of the 

Equation is the Squan of the unknown Q|iantity, then the Square 

Root muft be extra^d, aind if it is the Cuhi of the unlcnown 

Quantity, then the Cubi Root matt be extraded, mi fo on^ 

which depreffing the unknown Quantity to the firft Power, 

the Queftion is anfwered. 

» 

Queftion. 25. PfTfat is, that Number^ if to tbi Squan rf which 
tiiff ^51 addidi the Sum may be ioo« 

L^ IT ss the Number fought^ ^ s? 5 1, m ss 100. 

Now 






a ^ 

a a 



t%% 






To reduce an Eqiuitidn, 

Ndi9 f ten 18 a Number fought which I 

I call . - . - J 

The Square of which by Art. 31. is - 
To which 51, or ^9 being added W6 

haire - ^ . . 

And this aa-^b is by the QufcftioA^ 

to be equal to 100, or m, hence 
The Queftion being elcprelled in j/l^e- 1 

bray begin and tranf|>ore b^ then J 
The known Quantities b^ing now alP 

on one Side of the Equation, and the 

other Side being a 4, or the Square 
^ of a, therefoi'e by the Rule, extraA 

the fquare Root of both Sides of the 

Equation. NoW the Square Root of 

aa is ay by Art. 33 . and the Square 

Root of »f — b is 4/^*^^^, by Art. 

34. and as the fquare Root or equal 

Qoantities muft be equal, therefore - i | 

Hence tf, or the Number fougjbt is equal to the Number re* 
prefented by m^ fubftrafting from it the Number reprefented by 
^, and exirading the fquare Root of the Remamder. 



as=:i/a«--rj 



The Number reprefented by m, is 
From which fubftrafiing b^ or 

There remains *— *, or 



too 
5' 



mmm 



49 



The l^uare Root of which is •«— *, dr 7^ and 1 
is equal to a, or the Number fought - S 

And is thus proved. 

I fay the Number fought is - . ^^ ^ 

The Square of which is 

To which adding - - - .. . 

The Su9a is what the Queftion requires 



49 
5^ 



100 



Queftion 26. A Mtrchant bad^aimd fo many Pwnds^ ib^t if 
Jrm thSquan of bis Gains thn is fubfira^id lOl, and U ibis 
Remainder adding 500^ ibii Sum is 30OO Pounds, fnof bad 
iht Hfyrdlvnt gained f 



R 2 



Let 
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Let a=i the Gain of the Mercbant, ^=iqI) ^ = 500^ 
p t= 3000. 



Then a Merchant had gained a certain ? 
Number of Pounds - - S 

The S(]uare of which is, by Art. 31. - 
From which fubftrading loi, or ?, we ^ 

have - - - i 

To which adding 500, or »i, wc have 
Which by the Queftion, is to be equal J 

to 3000, or py hence - - 3 
By tranfpofing m wc have 
By tranfpofing ^ it is 
By extracting the fquare Roots, as at the 

fixth Step of the laft Example, then 



} 



I 

2 

3 
4 
5 

7 
8 



a a 
a a — b 

a a — b -f- fn :^ p., 

a d'-^b zz.p — m 
aaz=:p^-m'^b 



That is, a is eqqal to the Number reprefented by ^, fubftraft- 
ing from it the Number reprefented by m^ and adding to this 
Remainder the Number reprefenM by b^ and extrafting the 
fquare Root of this Sum. 



The Number reprefented by ^, is 
From which fubflra£ting my or 

There remains p — iw, or 
To. which adding ^,. or « 

The Sum is p — m + ^, or 



3000 
5.0a 



2500 
101 



2601 



The fquare Root of which is \/p — m^b^ or 51, ? 
and is equal to 4 or the Number fought r ^ ) 

And is thus proved, from the Conditions of the Queftion. 



SI 



51 Pounds 



I hy the Merchant gained 

For the Square df 'Jiis is ^ ^ 

Tr^rp which fubftraflting 

There remains - - « 

Tq which adding - .. . 

The Sum is what the Queftion reqi^res 

Queftion 37. If to the Square qf the Number of Miles a Per/on 
M travelled (here is added 97, fubJiraSfing from this Sum 251, 
and adding to this Remainder 160, this ^um fvill be lOOod^ 
Hw many Miles had he travelled f 



2601 

101 

2500 

S.OQ 

3000 



To reduce an Equation, &cl 



12S 



Let tf= the Number of Miles he had travelled, i = gj9 
w = 25 1,. ;r = l6o, « = 10006. 



by) 



Then a Perfon had travelled a cer- 
tain Number of Miles 

The Square of which is. 
Art, 31. . - 

To which adding 97, or *, it is 

From yrhich. iubnrading 251, 
or m^ givts - . • 

To which adding 160, or ;r, it is^ 

Which by the Queftion, is to be 7 
equal to 10006, or z, whence S 

By tranfpofing jf it is 

By tranfpofing m we have 

By tranfpofing b then 

By extrading the fquare Root as"} 
at the eighth Step of the laft/ 
Example, pr at the fixth Step| 
of Qncftion 25, we have - J 



3 

4 

5 
6 

7 
8 



10 



aa 

aa ^b 

aa^b" 

aa^b' 

aa-^b' 

aa-^b 
a O'-^b 



m 

-m^xssz 

iz — X'-^m 
•jr + m — 4 



tf=:i/z-<*-;ir-f*JVi— -i 



That !s, ffom the Number reprefented by z, fubftraS the 
Number reprefented by x^ to the Remainder add the Number 
reprefented by m, from which Sum fubftraA the Number re|^re<« 
fented by b, extrad the fquare Root of the Remainder and it> 
will be the Number fought. 



The Number reprefented by 2, is 
From which fubilra£ling Xy or 

There remains z — ;r, or 
To which adding my ox 

The Sum is z — x^rriy or 
From which fubftradling b, or 

There remains z — x-{^m — b^ or 

The fquare Root of which, or v^z 

the Number fought 



— AT -{-»! — 



.'■"} 



10006 
160 

9846 

10097 

97 

1 0000 

100 



PROOF. 



ii6 



A L O B B R JL 



p R o o r. 

I (ay the Perfon had travellod 

For the Square of that is 
To which adding 

The Sum is - - - 

From which fubftraAillg 

There remiihs * 

To which adding 

The Sum is what the Que(6ott requires 



100 Milea 



Aiifa 



lOOOO 

97, 

X0097 
as I 



9846 
x6o 



10006 



Queftion 28. A Gimral^ upon numbering Us Arntfj founds that 
*lf j^$m tht SquoTi rf thi Numbir of Men in bis Arn^ tbire was 
fiibftra&id 3196, and to ibis Rtmainiif adding 2721, from wbicb 

imm pibflta&ing 17 1 1 iberi ivould nmain 99997814. To find' 

ibi Numbif of Men ih the ArUiy f 

Let tf= the Number of Men in the Arm7» i = 31961, 
aiix:27ax, ^ssi7ii» SS99997814. 



\ 



The Number of Men in the Army 

Was - - - . 
The Square of which is, by ) 

Art. 31. - - - J> 
From which fubftra£ling 3196, 

or ^, it is - -5 - 
To which adding 2721, orm, gives 
I'fdm which fubftfaAing .t7ii» 

dr jr, we have ^ ^ 
Which by the Queftion, i^ equal 7 

to 99997^14, or 2) hence - 3 
f'lTft, by tranfpofing * - 
£y tranfpbfing m - — 
By tran/j^ng ^ • • 

By extraifiing the fquare Root, as 

in the former ExaoipJes 

By Numbers thus : 



3 

4 

5 

6 



f 



9 

10 



aa 

ao'-^b 
aa^^b-^-m 

a a — b^m=^Z'-^K 
a a — i = sB^-*---i» 



%y^ 



To reduce tn Eq»atipn| &c. . %(L7 

m is in Numbers - ' ^ * ^9907914 

To which adding ji^) or ^ • « t^ii 

The Sum is 2 -f- ;ir, or - ^ » 99999S^S 

From which fubftradiftg m, or « - ^ 9721 

There remfiins « 4* ^ ''^ 'C't ^f . * - 9999^^04 
To which adding ^, or - - - 3196 

The Sum is s -f ^ "^ ^ 4* ^f 9^ 

The fquare Root of which is f^ orthoKumber^ 

fought - - •• * r S 



IQOOOOOOO 



loopp 



Which is thus proved. 

I fay the Number of Mta tn the Army was 

For the Square of that is - - 

From which fubftrading - «• 

There remains - 

To which adding • ^ 

The Sum is - • * 

From which fiibftrading 

There remains what the Queftion requires 



1 0000 



IPOOQQOAO 

l i mm I . i 

99996^04 

2J21 

99999525 

• 99997814 



51. Thefe being the particular Methods 1>y which Equatioos 
tie reiuoed, or Q|eAions adfwered, we ih^ll oqw ;id4 fpme 
Examples where all thefe Methods are pron^ifci^HiiPy uled, 

Queftion 29. J Mercbant iroh for fi many Pjoffnds^ thfit if 
they Win mubiplied iy 4, and this Produ£i divided by 6, and ex^- 
tra&tng tbe Jfuaxe Root of the ^uotient^ from wbicb /^/fraffing 
60, tbere remains 40. l^ai was tbe Sum fir wbicb tbe Mer* 
€baut broke f 

Let tf= the Number of Pounds tan^X^ ^^4> 4:s;6^ 
sn r= 60, ^ = 40. 

Then the Merchant broke 1 

for 9l Number of Pounds S 
Which beiQg qiultipHed by 1 

4, or by we have - f 
This faeistg dituded \y f>f 

at d^ we have - • 



I 



ba 
d 



Tim 



128 A L G 

The fquare Root of which ) 

is, by Art. 33. - ) 
From this Aibftrafiing 60, 7 

or m^ we have - 3 
Which by the Queftion, is J 

equal to 40, or p^ hence 3 
Becaufe m is not under the 1 

radical Sign therefore l 

tranfpofe it, by Art. 49. 3 
Now fquaring both Sides of ) 

the Equation by Art. 49. 3 
And multiplying by dy by 2 

Art. 47, then - S 

kcjeaing d from — — 

and putting down the 
other Quantities without 
any alteration, as at 
Art. 47, we have - 

Dividing by ^, by Art. 48, then 

ha 
Rejefling b from -t-> and 

puting down the other L 
Quantities without any : 
alteration, as at Art. 47, 
or 48, we have - J 

In Numbers thus : 

dppzsi 9600 
^2dpm=z 28800 
4-1 dmmz=:2i6QO 



] 



E B R A. 


4 

5 


ba 


6 


,ba 


7 





8 



10 



II 



12 



ha 



'■^'=:pp-\'2pm-^mm 

d h a 

— r- z:zidpp'\'2dpm-j-dmm 



baz=idpp^2dpm-^dmm 



b a dpp'^2dpfn'+'dmm 

b "" b 



dpp^2dpm'-\^dmm 

^= y- 



Sum 6eooo or dpp^2dpm^dmm 

Now dividing 60000, ot dpp'\^%dpm^dmm by 4, or ^, 

dpp + 2dpm4-dmm , ,. .. 

we have -^-i— • ^ — -i ^, or 6oooo,divided by 4=15000 

which is equal to J, or the Number of Pounds for which the 
Merchant broke. 

PROOF. 



tarcdaa an fixation, &c* 
PROOF. 



*2gi 



,6)£ftOOq 



loooo (i(k) the rquare Ikopt of tdodd 



40 » ^ Q^p^ojn nquireti 

Queflion 30. ^ Gealitmm hnm^ iet^ht a Ha^, ani htinj^ 
di^eftd U try tht Knowltdgt tf bit San ih Algebra, Uid him, if 
the Ntmitr »f Pnnds tht Houft eofty wat divided by 8, and thai 
patient being muitipUid kf 50, and ei^fl^ing tht fyuart Rett ^ 
this PreiuB, ta vibicb addii^ io> tint Sun j/jpuli be 60 Pnmi, 
What diS the Hiufe aftf 



Let a = the Price of the Houfe, i 2 

#=60. 



Now die Price of the I 

Houfcii t - S 
Which being divided by ? 

8> or f, it is - 5 
This being multiplied by i 

50, or d, we have - 5 
The fquare Root of which > 

is, by Art. 33. - 5 



, i=sset tt 2= 1^ 



To which adding lo, or m 

Which, by theQueftiooiis 7 
equal to 66, or p, hence ^ 

The Quefiioii bciqg flojf "1 
exprcQediny/^/im, and | 
m not being nodef ihc i 
rvdiciil Sign, tninrpofe it ( 
;by Art. .49. then - J 

Now'fqiuringrboth Sides of 1 
'theEqi)ation,byAFt.49. { 

And multiplying by t^ by 7 
Art. 47. - - ^ 



.da , 

da 

— ^pp-^ipin-\imiH 

bda 

-r^=sifp*-3.bfm + baim 

RojeAing 



^3* 

Reje£ling t from 



\d L G E B R A. 

hda 



putting down the 
at the twelfth Step^ 
the laft Queftion, then 

Dividing by d^ by Art. 48. and 




10 



II 



12 



da bpp '^^hpm + hmm 
"7 ^ d 



^JLT 



a = 



In Numbers, 

bppzz: 28800 
— 2^^^ = — 9600 



19200 
^bmm:zz 800 



d = 5|o) 2ooo|o 



400 :=: a^ the Price of the Houfe, that is^ 
'the Hpufe coft 400 /. 

PROOF. 



8) 40Q 
50 



2500 (50 the fquare Root of 2500 
•10 

60 as the Queftion requires. 



CON SECTARY. 

If the Readfer compares the eighth, ninth, and tenth Steps of 
the laft Work, he will find that to multiply any Fra£lion by its 
Denominator, or any Dividend by its Dtvifor, is only to rejed 
the ^denominator, or pivifor, from that Quantity, and multiply 
it info all the other Quantities, thus; the Equation at the eighth 

d tj 
fitep fe -T- ss^^-*-'2^»i4-»2iw, which being multiplied by 

its 



To reduce aii Equation^ &c. .131 

its Denominator b, we have at the tenth Step ia^s^hpp 

hda 
-^%kpm'>^hmm\ the ninth Step, or -— - =4^^— 2i/»i 

*^hmm^ being only a more particular Uuftraion of the 
Work. 

And by comparing the tenth eleventh and twelfth Steps he will 
find, that to divide any Quantity, by any Letter in that Qoantity* 
is only to rcjcA that Letter from the Qiantity, and placing it as 
a Divifor to the other Quantities ; thus, at the tenth Step, the 
£(]iiatton is da=:ipp'^2kpm'^hmmf wMch being divided 

by i> giv^ us at the twelfth Step a=, -^^ j — I > 

, , . -, da Ipp-^-^^hprn^h mm 
tl)c eleventh Step, or -r- = -*-=- ^ — ' , 

only a more particular lUuftration of the Work. 

Therefore for the fiiture wc Ihall leave out fuch Steps as the 
ninth, and eleventh, the Learner being now a little acquainted 
with the Science, I ^id not choofe to do it at firft, my Defign 
being to make this curious Sdeoce as eafy as poffible. 



Queftion 31. ^ Ibmrnng^Fooiman hnng fnU §f am Errand was 
toldj thai if hi fptarid tb$ difiatici hi was U nrjv, and mmbi^ 
pliid that by 4, and dmdid this Pr§du& bj 40, t9 this ^^tisni 
adding soo^ from which SumfabftraHing 1400, and sxtraifing 
tbi fquari Km rf thi Rsmaindir it wnJd bi 10. Haw mqny 
AftUs was tbi Fiotman tirtsnf 



]>t tf = the Number of Miles the Footman was to run» 
bz^^ 4^=40, mss5co, «ssi400t ^=io. 



b being fquared is, by I 

t. 31. - - ^ 

This being multiplied by 4, I 

or^, we have - * 3 



The Number of Miles the Foot* 
man was to run let be - 

Whicb 
Art. 



This 



by 40, or ^it is 



To which adding 50Q1 or m^, gives 



i\a 



2 
3 



a a 

baa 

baa 
IT 
baa 
d 



+ ^ 



Sz 



From 



jf L G E B R jtik 

ha q 



} 



.7 
8 

9 

« 
II 



Froiri^l)!cbrat)fthathg 1400, 
or Xf we have 

The fquare koot 6f wtiicK is, 
by Art. 34. 

Which by the Queftion, is equal 7 
to to, or/, therefore - j 

^o^ i^aire bbth 8id^s of tfto ) 
E^u^tioii, by Att 4$. and f 

By tjranipo&ig ^v we hav6 - 

By tranrpofii^g w, we have - 

By. multiplying iy ^f by tlie ^ 
Cmfiaary^ Page tjo., - i '^ 

And dividing by i by ttie Cife- ? 
/.^^, !># I Jd. - 5 '3 

No5^ extraAmg tlic Kquire ftodt, t 

brArt.5'0. :: : y 



^nNiimben* 



i/ 



+ .-* < 



/ ^ tf a 



yTtf a 



»♦ 



* » ^/ 



<7aZZI 1 ■■ ■ ' 




» t 



1 ' -L^ 



i 



' \ 



3 = 4) 40000 



looot) (i 00 the Tquarb Root of lOODov berice ib^ 

:Faoiman was to rurt^ lO'O Miles. 

PROOF. 



* f 



V' — ~ 4- SQO'*^— 1+00 = 10- 
4^ 

I have not drawn ouyW P/o^f of "the Uft Queflion into parti, 
culars but only cxpreflcd h \x tirfce', tbiit Is^ foiiV tiMs Ab 
Square of fl (which is fo^nd to be ioo) being divided by 40,' if 
to this Quotient we aid cpo, in.d froip this Sum fiibftraft 'X400B^ 
ihefquarcRoot brtHivliejrtiajrider Will Be cqoirto la KxA 
flow I (hall cxprcfs all die Coiiditions of ^e C^cftion at the firft 

' Equ^tion^ 



To rcckicc^^att 'Equation, &c. 133 

Equation, that the Learner may form ibme little Judgment in 
what Manner to (horten his Work ; and if he conceives how the 
Proof of the laft Queftion is exprefled, it will eafily lead him to 
the Kpow]edge\of expreffipg the Conditions of the Queftion, or 
laife the Equations as arife from the Queftion without parti- 
cularizuig every Condition. But if the turner finds any Dlf-* 
ficulty in this he may proceed as before. 

Queftion 32. A GiniUman who had ieen at the Gamng-TahUs^ 
md lofing^ Jome of bis Acquaintanci laughing at htm for bis Folfy, 
oikid how much bo bad lift ; to which ho anfwtnd^ if you fquara 
tie Number rf' Pounds I have loft 9 and divide that hy 4, muttip/f" 
ing this ^otient by 10^ to which Prdduff add 3900, then <^- 
tracing the/fuare Root of this Stim^ from which fubftra&ing 80^ 
ibe Remainder mil ie efual to 90. . How itmcb bad be loft f 



Let tf = the Money loft, ^ s 49 ^=: 10, 191=3900, ^s8o^ 

2 = 90. 



Then by theQueftion 

hj traitifpofifig ^ it ^ I 
n6t being undta* 1 1 
tfaerMhcaiStgAvby P » 
Are. 49W wfc have J 

By falling both 8idi» 1 
of the ^oation^biy L 
Art» 49* then * 3 

ty tranrpofing 01, it is 
Multiplying by i ^ 

li^ the O w fe m t y s i 
Qjtfdlkyii 30. ^ 3 

h^Uifigtfdtf'Ost 

lame 



I /daa , 



} 



Extrading tKe fquare 
RWt, "by An. Jo, 5 



JkiMAl^g^Mft 



'da a 



daa 



7l 



-f* « xtt • ik -f 2 »/ ^ff, 



^ aet 
4^ttaTabzX'i^%tzp^bpP'^omim 



ittZJl^%^%f^f.^pp^i^m 
/ 'bz% + 7,bzp+bpp — bm 



|n Numbers. 



h7k% 



134 ALGEBRA. 

^zz = 32400 

2 & Z ^ ;= 57600 

bp pz=: 25600 

I 15600 
^-^m = -— 15600 



d =5 i|o)ioooo|o 



10000(100 =tf the Sum of Money loft. 

I 



PR OOF. 



^/ ^loaa 



+ 3900 : — . 80 = 90 



7^ r$iiui en Equatim whin the unknown Quantity is in Jtveral 

Tirms. 

52. When the unknown Quantity is in more Terms than 
one, bring all tbofe Terms which have d)e unknown Quantity 
to one Side of the ' Equation, taking Care thit the grtateft C^- 
ificiint of the unknown Quantity has at laft the affirmative 
sign, and carrying all the Quantities that are known on the 
other Side of the Equation ; then divide both Sides of the Equa-o 
tion by all the C^^efficimtt of the unknown Quantity, con- 
neded with the fame Signs of 4-* ^nd — ^ as they then happen 
to have, which will reduce the Equation as in the following 
Examples. 

Queftion [33. Tbirg is a certain Number which being mukipSed 
by lOy if this rredu^ is divided by 2, te tins ^etient adding 19, 
and fitbftra£Hs^ qqfrem that Sum^ the Rematnder will be efual 
to the Number fought* 

Let ^ == fbe Number fought^ j :s ip> dz;^2^ mzz 19^ 



ilk ^. "i 



«r 



Eqoatii 






tj die Qaeftion - 
By tnnfpofing % • 
By tianfpofing m 



By multiplying by J by the> 

' CvHfi^ary^ Page 130. » - 5 

fiecaufe d is lefs than b^ 'tnuif--\ 

pofe d0y that both the Terms / 

which have the unknown > | 5 

Quantity may be on the (amel 

Side of the Equation, then J 

And dividing according to the^ 

Rule by h — d^ the two Co-i ( 

efficients of a^ we ha?e - j 



m 



3 

4 



+ *• = « + » 



if 

if 
i 



m 



6 Us 



dz'-^dm 



ssaothe 



(Number fixigbt 



10 n 



PROOF. 



+ 19 — 99r=tf 



The Divifion at the fixth Step, viz. that ka-^da being di- 
vided by i^^dy ibould leave only ii» may perhaps a littk per^* 
pkx the Learner, and if it does, I advife him to examine Jrt. lO. 
^here he may obferve that in multiplying any compound Qiian- 
tity by any fingle Letter, that Letter goes into every Term of 
the Produa, tl^refore the Multiplier is not fo many Times 
that Letter as the Number oiF Terms are in which that Letter 
is found, but only the fingle Letter multiplied fucceffivdy into 
all the other Quantities; hence if this produA is to be divided 
by all tbofe Quantities, the Qiotient will be the fingle Letter, 
and not fo many Times that Xetter as the Number of Terms 
are in which it b found. See further Queftion 38^ 



- Queftion 34. J Gmthman tmgbt an Bftati far fi numf Pnmds^ 
^hat if tba Wirt multipUid ij 4, and this Pr9du& JMdid if S# 
frm wbicp ^uaiient hbftraHing 600, and adding f this Rtmain^ 
dtr 6 7imit what tit EJlatt ttfty this Sum wiil ittfual U 6200 
Pmnds. Hm much did tbt Ejatt cfftf 

tet 



i3« 



^A iL <i E ^ R ji. 



Let 4s whtt t^ £f|ai^ ^ft 

j^ = 6j jr s 6200. 

Then by the Queftton 

By tranfpofing m^ we he^ « 

Mt^Ittfflyiiig fcy i/ 4>y tli^ C4p»*l 

yji{?i7rjr, Page 130. - J ^ 
Dividing by i + dp th^ 0>^1, 



»tf 



-^m ^^ a'zz X 



d 



i4i 



atn^dx-J^dni 



dfeJ^dm 



effieienti «f #, ^is -in cbe Uft f ^ 4 1^ TB j j .-' f y ' r ;fp: |o.o<$ 
Qucftion, and we have - ;3J ^ ^4-^/^ 

Therefore the Eftate cqft liqpo liom^ds. 

PROOF. 



S ^ 



^260 



Queftion 35. A Pitfi» ifid Ji ^Min Jiuinher of Shiltit^s^ 

tobicb being multiplied by 4, this ProduSf being divided by 11^ t6 

tbis ^otienl adding gOj and from this Sum taking aiJoay 2,0^ tbe 

fquare fbfft ef fbis Remainder tidfi ie tfuol 4» 4be Jfe§are H^ of 

the Number of Shitlings foujgbt^ ^hm dimiei^ifed ^ <M. 

9>t^= tbe Ntifiibor <|f Shillings rfeught, ^174, ./acM^ 
xTszjfp, p=^q,%x^o. 




IQO 



BecMife 4hfire Is «io .Quantli^ on 
i^tk Si/le^flf .UiG.Eguation hut 
what is under thc^^^icalSig^r 
therefore fquare both Sides of 
the Equation, by Art., 49. 

Mukiplyjtig thy ^ by ^xC0- 

HeBKB^J Qaev£^)i4Aciflfit qf ^ir* 
V s;» gftalor ^tben A ibe.Qiber 
Co-efficient of a^ traiH^e 
ba^ then « « . 



>^ ^ ih^^^^T^*^ 



;ii 



^Oj 






pi^fi'^-ff 



i a-^dx^^J^'-s^dfi^^^ 



Jlfc.^dj^:^ 



»•• 



^ranfpofing 



To reduce an Equatiion; &c. 



"^ST 



Tranfpofing dz ^ 

Dividing by d — B the two-\ 
Co> efficients of a^ as at / 
Queftion 33. Step 6, we r 
have - - J 



dz -^-d X'^dp'=Lda''-^h a 



6 a 



dz + dx-^-^dp , 

= ^ — r- — ^ :^liotbe 

(Number fought* 



PROOF* 



If tf = 1 16, then • 1- ^ 90 • — 30 = ^/'a'^^^^io 

Queftion 36. ^ Running'Fo9iman^ forward in flaw hit Learn^ 
ingj Being in Company^ faid^ if the Number of Miles he bad run 
was multiplied byj^ to which Produlf adding 550, and fuhftra£fing 
20 from this Sum^ and dividing this Remainder By 1O9 tbi fquan 
Root of this ^otient will Be the fame as if J9U had added 14 
Miles to ihofe he had run, and extracted the fjuare Rsot of that 
Sum. 

Let a zs. the Number of Miles he had run, '=37, d'zl 550^ 
m =: 20, p = 10, X = 14. 



Then by the Qucftiott - 

There being no Quantity -s 
but what is under the / 
radical Sign, therefore ( 
fquare both Sides of the | 
Equation as at the fecond I 
Step of the laft Queftion J 

Multiplying by p by the \ 
ConfeSfaryj Page 130. j 

Becaufe p one Co-efficient *] 

of a is greater then i the f 

other Co-efficient of a, f 

therefore tranfpofe Ba J 

, By tranfpofing p x - - 

Dividing by p-^B the two "J 
Co-efficients of <7, as at( 
Queftion 33. Step 6, we f 
have -^ •^ - J 



/ba-^d — m 






5 
6 



baJ^d^^nt 



z^a -^ X 



ba^d'^^mz=:pa'-\'P^ 

d'^m'zzpa^px^'^Ba 

d'-^m^^pxzupa'^Ba 

d'^m'-^px . , 

ti = ~- =il ito the 

p-^B ^ 

Number of Miles the FootmaA 

had luo, 

1> R O O F. 



n« 



ALGEBRA. 



PROOF. 



/7tf-L550 — 20 . ; 

• < ^7^ = •« H- 14 

10 

T9 nduci an Equation when the fame ^antity^ either known or 
unknownj is in every Term of the Equation. 

53, laaixy Algebraic Operation if the £ime Quantity either 
4cnown or unknown is in every Term of any Equation, then 
divide every Term of the Equation By that ^antity which will re- 
duce the Eqttatlon to more Jim^ Termsy as in the following 
Queftions. 

Queftton 37. 70 find a Number which multiplied By 4, and 
tie ProduSf added to the ^otient of the fame Number y multiplied 
i[y 56 and divided By 7, this Sum will Be equal to the fquare of the 
Number fought. 

Let a = the Number fought, ^ = 4, </ = 56,' mn 7. 



ThcA by the (^fiion - 

Multiplying by w, by the \ 
Confeeiary^ Page 130. J 

Becaufe a is in every Term 1 
of the Ec^uation, divide > 
by tf, then - - 3 

Dividing by m ihe Co- ^ 
efficientoftf by theCtfff- S 
feifary^ PagQ 130. - 3 



da 

BaA ^ z=:a a 

' m 

mbar^da = maa 
mb J^ d-ss. ma 



mh '^ d X ^r 

a = =:i2tbeNum- 

^ (ber fought. 



PROOF. 

^a -^ ^ — z=zaa 
7 

Qscftioa 38- There are two Towns at fucb a I>^am^ that if 
the Number of Miles between them it mtetiflied byf^^ emd this 
Produ^ added to their Diflance^ tho ffuare Root of this Sum will 
be equal to the Di/lanc^ of the two Towns multiplied by 2. 

Let 



To reduce 4h Equatioh, &c. 

Let n =: the Difiance of the To^wis, * = 79> msz% 



Theft by the Queftion - - . 
There being no rational Quantities on -j 

the iame Side of the Equation where f 

the radical Sign id, (quare both Sides f 

of the Equation by Art. 49. - J 
Dividing by 17, it being in every Tens I 

of the Equation, and - • - 3 

Divrding by mm the Co-efficient of a 
by the Confe£laryy Page 136. 

Hence the Diftance between the two Towns is 20 Miles. 

PROOF. 



} 



3 

4 



h '\' I '=znimtL 



a = 



inM 



=.20 



k a ^ la 

— = * + 



i/ 79 tf -f- <7 = 2 tf 

If the Reader does not eafily conceive that dividing ia-{»a, 
or ba ^1 ay at the fecond Step, by a, gives ^ -j- 1, as at the third 
Step, I would advife him to con fi^er w hat is faid at Queftion 
33; to which may be addsd, that b'\'ixazr:ba'\-aj whereas 
^-f- I x2tf=:2^tf-(-2tf» a Produ£l very diftrent from 

la-\-*a. Or it may be explained thus, 

the a being rejeded by Art. 22, and 26. 

The Manner of ngljliring tbi Stepi of an Algebraic Operation 

explained. 

54. Having, in this copious Manner, explained to the young 
Analyfty the difierent Methods of managing Equations, to fave 
the Trouble of ufing fo many Words ; I ihall now fliew him 
the Method of regiftering the Steps^ introduced by the ingenious 
Dr John Pell. 

To regifter the Steps of an Analytic Operation b only to ex- 
prcfs in the Margin of the Work, by Symbols inftead of Words, 
what has been done ; and to render it as eafy as may be to the 
Learner, we ihall refume the Work of one of the former Qu9- 
fiions, and exprefs by Words what is ddhe in one Column, ia 
another C>lumn exprefs the fame thing by Symbols^ or Cha- 
raders, and in the third Column place the Work itfelf, thae 
by comparing the Operation with the Obfervations that follow 
it, the Reader may the more eafily underftand the Mibmer of. 
f^Slflering the Steps. 

T 2 Queftio** 
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Queftion 38. A Running Footman being fent of an Errand was 
told, that if he fquared the Diftance he was to run^ and multiplied 
that by 4, and divided this ProduR by 40, to this S^uotient adding 
500, from which Sum fuhftraSfing 1400, and extralfing ths 
'fyuan Root of the Remainder it would be 10. How many Miles 
was the Footman to run ? (this is Queftion 31.) 

Let <?== the Number of Miles the Footman was to run^. 
^^ = 4, ^=40, »i = 500, jf =s 1400, ^= 10. 

Then, by the Queftion, we have 
the, fame Equation as 
(eighth Step, Queftion 3 



iring both Sides of-i 
le Equation, or in- / 
olving theih to the > 
fcond Power, by I 

Lft. AQ. T -J 



Squaring both Sides of 

the ~ 

volving 

ftfcond 

Art. 49 
By tranfpofing x at the 

fecond Equation - 

By tranfpofing m at the 
third Equation 

Multiplying the fourth 

Equation hy d 
Dividing the fifth Egua- 7 

tion by ^ • - 1 

ExtraAing the fquare 1 
Root of %be fixth E- > 
guation, biy A't. 50. ) 



e have 1 
at thc> 
I. - 3 
Regi/ler 






1^2 



2 + jir 
3^m 
4. X d 

6 vtf 2 



5 
6 



A a a 



baa 
IT 

baa 



d 
ba a 



+ m -^ *• =^/ 



-J- m ^s^p p + X 



= pp + x 



m 



baaz^zdpp + dx-r^dnt 

d p p ^ d X — dm 
a^'ss. ' T ^^ 

/dpp-^-dx — dm 
a^^ — T— = 



10 



For anothcf ^nftanc^ let 115 take Queftion 33. 

. Quqftiop 30. There is a certain Numhr^ which being multiplied 
by JO9 if (bis Proji^£l is divided hy 2, to this Quotient adding 15, 
and fubjira^ing 99 fram, that S.um,i the J^efnqinder will be equal to 
0e Number fought. 

Let €[ ;s^i xht Nyqibpf fpught, ^ == 10, ^ =: 2, iw = 19, 



Then 



To reduce an Equation, &c. 



HI 



Then by the Queftion 

By tranrpbfing z from the 
firft j^quation 

By tranfpofing m from the 
fecond Equation 

Multiplying the third £- 
quation by ^ 

By tranfpofing da from 
the fourth Equation 

Dividing the fifth Equa--j 
tion hy b'-^d the two / 
Co^efficients of a^ by r 
Art. 52. • - J 






- 


I 


Rtgifitr 




I+Z 


2 


2 — m 


3 


Z^d 


4 


4 — da 


5 


S^b—d 


6 







ha, 

-7 +«•—%=:« 



ya 

d 
d 



= « + *""*" 



iaz=:da'\'dz — dm 

ba^^d a:zzdz'^dm 

dz^^ d m 



a = 



* — 



-.— =20 



. From thefc two Examples we may obfenre, that to ngftir 
any Operation is only to put down the Figure which (bnds in 
the Column againft that Equation, from which we intend 
to raife the next Equation, and after that the Sign of either 
Addition^ Subflraifion^ MultipU cation y Diwfion^ Involution and 
Evolution^ according as the Cafe requires, and after that the 
Q^iantity which fuffers the Alteration. 

Thus at Queftion 38, the firft Equation being raifed or in- 
volved to the (econd Power produces the fecond Equation, there- 
fore, I fay \n the Regifter 1^2, that \%y the firft Equation in- 
volved to the fecond Power gives the fecond Equation, and in 
the fame Operation. * 

Becaufe the fourth Equation is produced from the third by 
tranfpofing m with the Sign — , therefore in the Rtgifter I fay 
3 — m, that is, the third Equation — m^ produces the fourth 
Equation. And, 

As the fifth Equation is produced from the fourth by multi- 
plying by d^ therefore I fay in the Rigijier 4x^/9 that is, the 
iourth Equation, multiplied by dy produces the fifth Equation* 
And, 

As the fixth Equation is produced from the fifth by dividing 
by h\ therefore, I fay in the Regifttr 5-7-*, that is, the fifth 
liquation, divided by i, produces the fixth Equation. And, 

As the feventh Equation is produced from the fixth by ex<* 

trading the fquare Root, I fay in the Rigijiir 6 km 2, that is, the 

fixth Equation, having the fquare Root extraAed, produces the 

(eventh Equation. 

^ That 
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Whence, as I faid above, to regtfter any Operation is ooly to 
put down, whether it is the firft, iecond, third, fourth, or any 
other Equation, which fufFers the Alteration, and from which the 
new Equation is raifed ; and after that Figure to exprefs in Cha- 
racters, or Signs, the Alteration thai is then made to gain the 
new Equation. 



The Method of refblving Queftions that 
, contain two Equatiotis, aiid two un- 
known Quantities. 



55/ 1^ H E foregoing Queftions requiring only one unknown 
X Number to be found, their Conditions were all exprefled 
in one Equation, which Equation being reduced by the Rules 
already delivered, the Queftion was anfwercd. 

But if the Queftion requires two unknown Quantities to be 
found, then there are generally raifed two Equations from the 
Queftion, each of them including both the unknown Quantities ; 
whereas all the former Queftions were exprefled 'by Equations 
that contained only one unknown Quantity, and their Conditions 
were like wife exprefled by one Equation. 

And when any Queftion is propofed, which being Algebraically 
exprefled, if it is found to contain two Equations, and two un- 
known Quantities, fucb Queftions may be refolved by this 

RULE. 

,Find what the fame unknown Quantity is equal to in each of 
the two Equations which arife from the Conditions of the Que- 
ftion, then make Chefe two Equations equal to one another, and 
in this Equation there will be but one unknown ^antity, confe- 
quently if this Equation is reduced by the Rules already given 
^t Art. 46 to 53. we ft)all find what this unknown Quantity is. 

To find the Value of the fame unknown Quantity in each of 
the given Equations, and making thefe two Equations equal to 
one another, wrhich clears the Work of that unknown Quan- 
tity whofe Value was found, is called the exterminating an un^ 
inown ^antity. 

And 
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And finding tbe Value 6f the unknown QuaAtity ia any £- 
quation, is only to find to what it is equal, therefore all thp 
other Quantities, whether known or unknown, muft be carried to 
the other Side of the Equation by the Diredlions at Art. 46 to 
53, and then it will appear to what this unknown Quantity is 
equal, as this makes one Side of the Equation, the other Side of 
the Equation being known Quantities, with the other unknown 
Number or Quantity fought. 

Queftion 39 ^ To find two Numbers that thi gruiter being added 
to tbe lejfery the Sum may be 262. 

But if from the greater you fubfirait the leffer^ thi Remainder 
may be equal to 144. 

Let a:= the greater Number, and #r= tbe lefler Number 
fought, ^z=2tS2, ;ir=:i44« 




tf + #=: ^ 



By the 
(^eftion 



Now the Sum of the two Num-"j 

bers in Algebra y^aJ^e^ which f 

is to be equal to 262, or b^ X 

hence we have - - J 
And the lefler Number being 

iubftraded from the greater 

a — ey which is to be equal to 

144, or ;r, hence we have 

The Conditions of the Queftion being now exprefled there 
appears in \X, to be the above two Equations with two unknown 
Quantities a and /, therefore according to the Rule find what a 
is equal, to in the firft Equation, by tranfpofing e. 



2 Xa^^ eznx 



— ^ 3 



I— < 

Now find what a is equal to in) 

the fecond Equation, by tranf- > 
pofing/. - - - J 



a z^ib-^ e 



4 \a=zx'+g 



Thcrribre nake the third and fourth Equations equal to one 
another, for they are both equal to tbe fame Quantity a^ which 
extermnates that unknown Qaaotity, this Step is regi/iered by 
placing the j and 4 with a Point between them as in the Work, 
which exprefles that the fifth Equation is from comparing the 
Ihk4 and fourth Equation* 



3-4 I 5 1* + ^==* — r 



The 
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The unknown Quantity i being on both Sides of the £qua« 
fion^ bring it on one Side of the Equation, by Art. 52* 



7 
8 






— ^-^^ 



Here it appears that /, or the lefler Number fought, is equal to 
b^ or 262, fubftra£ling from it Xy or 144, and dividing the Re- 
mainder by 2. 

When any Equation is divided by an abfolute Number, as the 
leventh Equation is divided by 2, place them in the Regtfler as 
ufual, but draw a Line over the 2 to diftinguifli that it is an 
abfolute Number by which you divide, and not by the fecond 
Equation in the Work. 

Now * = 262 

— X = 144 



2) n8 

59 = ey the leffcr of the two Numbers fought* 

It being now known what e is in Numbers, we may find a 
by the third or fourth Equation, that is, by th^b third Equation 
we have az=ib — e. 

But b 1= 262 
^i= 59 



203 = tf, the greater of the two Numbers fought. 

Whence 203 and 59 are the two Numbers required in the 
Queflion, and is thus proved from its Conditions* 

The greater Number is 203 - - 263 
The leffcr Number is 59 - - 59 



262 Sum 144 Remains 

Quefiion 40. Two Mtn difcourjing of their Money founds th^t 
if the Shillings each had were added together the Sum would be 38* 

But if from Mm that had the greater Number of SkU^H^^ 
there be fub ft raffed twice the Number of Shillings the other Per* 
fon had^ there wouid remain, 5. How many had each Man ? 

Let 
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Let i7=t= the greater Number of Shillings, /== the Icfler 
Number of Shillings, ^ = 38, a'=:5. 



And.becaufe the Sum of their 1 1 

Shillings or w-f-ip Was 38, or > I 

^, hence - ^ - - 3 J 

And twice the lefler Number-j 

. being taken froih thfc greater, / 

or tf — i 2 /i ii^ras equal ttt 5, or C 



aJ^^i ±zi 



x^ hence 






Now to find the Value of a in 
the firft Equation, tranfpofc /. 

I— ^r 
And to find the Value of u in 
the fecond Equatbn tranfpofe 2 e, 

2 + 2# 



(fiythp 
fQueftioA 
a — 2^ = AfJ 



tf = i — 



tf = > + 2 ^ 



Make the third and fourth Equations equal to one anotJier^ 
bccaufe they are both equil to the fame Quantity a, and rtgiftir 
It as direded in the laft Qyeftion \ and this exticrminates thai 
unknown Quantity. 

3 • 41 5 \x^%i^b^i 

'The unknown Quantity i being oh both Sides of the Eqtia^ 
lioni tring it on one Side of the Equation, by Art. 52, 



o — * 

7 -HI 



6 
7 

8 









Hence the Quefiibn is ahrwered fot ^ ±= 38 



3) 33 



I i=f, die lefler ^uixi- 
- ber of Sbilliiigs. 

And lis e is liow known^ wd may find whsit a is by ihe third 
or fosrth Equation i taking the fourth Equation^ w« imve 



tJ 



*s*| 



'*4« 
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X 



5 

22 



27 = u, the greater Number of Shillings. 



PROOF. 



The greater Num- 1 
ber of ShiBings ) 

The.leffcr Num-J 
ber of Shillings J 



27 
II 



Twice the Icffer 
Number of Shillingi 



} 



27 



22 



Sum 38 



Remains 5 



Qucftion 41. Two Min lading a JVagtr cotuirnwg two Droves 
of Sheep^ as thiy could not decidt ity apptaM ta a third Perfin^ 
who told thsm that if 2^ was added t^ the Number of Sheep in the 
great eft Drove^ that Sum would be equal to twice the Number of 
Sheep in. the leaft Drove. 

And that if tbeyi adddi 44 to the Nmaber of Sh^ep in the leaft 
Drove^ thmt Sfm would he as many as were in tie greateft Drove^ 
and defired they would now find the Number of Sheep in tacb 
Drove* 

Let -a =s the Number of Sheep in the greateft Drove, # = the 
NucAcr of Sheep in the leaft Drove, a* = 31, rf= 44, 



Now the Number of Sheep in-j 
the greateft Drove being added / 
to 31, which being equal to> 
twice the Number of Sheep \ 
in the Iclfcr Drovc» we have J 

And the Number of Shec^ in the- 
leaft Drove when added to 44, 
and this Sum bejkng e^ual to 
the Number of Sheep in the 
greateft Drove, we have . 

I —A' 



a -}-;r = 2/ 






e*^d:^a J 



By the 
iQueftioa 



tf = 2 # — ;ir 



Nocir hy the third Equation, a is equal to 2 / -— a*, and by the 
fecond Equation, a is equal to ^-4-*^, therefore make thefe 
E^piajtieiifi equal to one another, for tbsy- are both equal t» the 
fame (^aaticy a^ which exterminaies a, as before. 



a .3 
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4—* 



4 
5 



;rl 6 



fszd-^x 



^ = 44 



75 =«, the Number of Sheep in the leaft Drove. 

Then having found t, we may find a by the ftcond Equation. 

< = 75 
d=^ 



1 19 =r tty the Number of Sheep in the greateft Drove. 



PROOF. 



119 
31 



"150 which is twice the Number of Sheep in the leaft Drove 

75 
44 



119 which is the Number of Sheep in the greateft Drove. 

Queftion 42. Two Gintkmen wbo bad fold tbiir EftaUs^ if 
comparing what eacbEftaii %oas fold fir ^ founds tbat twico tbe 
Sum of what both tbeEjiaUs were fold for was 1 1 468 Pounds : 

And if what the leafi Efiate wax fold for he ftAftraHed from 
what the greateft Efiate was fold fory there wtll remain 1408 
Pounds. For how much was each Ejlatefold f 

Let a = what the greateft Eftate was fold for, t = what the 
leaft Efiate was fold for, 3 = 1 1468, x =: 1408. 



By the firft Condition 

By the fecond Condition - 

To find the Value of a^ in the 
firft Equation. 

1 — 2^ 

U a 



I 
2 



3 

4 



zaJ^ 2rr=: J 



a — e 



•«taH» 



2a=zi— 12^ 
£•— 2 4P 

a =:: — 



Now 
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Now find the Value of a^ in the fecqnd Equation. 

And by making the fourth, and fifth. Equations equal to one 
another, becaufe they are both equal to the fame Quantity a, 
and therefore oiuft |>e equal tp one ^notI)er, by which s will be 
exterminated. 



;r-f-#= ♦ * Here we have 

^ only to find what 

24r-f 2<=j — 2#4 / is by the- Rules 

2 AT 4« 4 « = i already delivered, 

4^ = * — ^* at Art. 46 to SJ, 

^ :^ •• r7 . , , - :;= 2167, the Sum for 
4 ^ 

which the leaft Eftate was fold ; and / being how knowp, then 

By the fifth Step | 11 | ^ =:;r 4- ^rr 3571, the Sum fo^ ^\Ach 
the greateft Eftate was fold. 



4 • 5 

6x2 

7 + 2/ 

8 — 2^ 

9-^4 



7 
8 

-9 
10 



PROOF, 

Now if tf=:357i, and #=2163, then 2^ + 2^=11468, 
and tf — #== i4o8» 

Queftion 43- Two Gamefteriy A i7«</ B, founds thai, if iwkt 
ihi Number of Pounds won by A was added to what bad been 
won by B^ the Sum was 48 Pounds : 

And if what bad been won by A was, added to threi times vjhaf 
baijlbeen won by B, the Sum was 39 Pounds. JVhat was the Sum 
won by each Ggmeji^ ? 

Let a ;= the Mpney won by A, / = the Money won by B^ 
^ = 48, #f = 39. 



By t.he firftCon- 1 
dicion ) 

By the fecond) 
Condi tiogEi 5 



2 tf + ^ rs ^ 
tf + 3 < = 4f 



T« 
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To find tb^ ValtiQ of ify from the ftrSt Equation* ' 



H9 



I —^ # 



3 

4 



(t = — r— 



And to find the Value of ^, frond the fecond Equation* 

^ — 3^ 5 |tf = *-'3^ 

And making the fourth and fifth Equations equal to one an5< 
tber, becaufe they are ^ch equal to the lame Quantitj^ which 
Equation will exterminate a. 



4 • 5 

6x1 

7 + 6, 

8 — i\ 

9-f-$ 



Then from the 
^fth {Equation 



} 



7 
8 

9 

10 



XI 



5 /=z 24f — b 

e = ■ == 6 Pounds, the Money 

5 won bj R 

aszAT-i— 3#=;2X Pounds, the Money 

won by A. 



♦ Here we have 
only to find # by 
the Rules already 
delivered, at Art. 
46 to S3. 



PROOF, 

2 tf -f- # s= 48 
^ + 3^ = 39 

Queftion 44. What an tbefe two Numbers tbaf twici tbi greatir 
being added to three times the Uffer^ the Sum is 29/ 

Jnd three times the greater being fubftraHed from fivi iimo tie 
lejfery the Remainder is 4. 

Let a == the greater Number, e = the leller Numberi ^=29, 

S9=: 4. 



%thefirftCon-7 
dition. 3 

By the fecond ) 
(Condition, 3 



I 

2 



2 tf -f* 3^=^^ 

5« — 30ssffl! 



To 
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To find the Value of a, from the firft Equation. 



3-5-2 



3 

4 



2 tf = A— • 3 / 

J — 3 ^ 
2 ~ 



Now to find the Value of a^ from the fecond Equation, tranf- 
pofe 3 a becaufe it has the mgative Sign.. 



2 + 3^ 


s 


5/ = m4-3<i 


S^m 


6 


5 t^mz=^ 3^ 


Or 


7 


3<j = 5 ^ — w 


7-r-^ 


8 


tf = =^ 



By making the fourth and eighth Equations equal to one ano- 
ther, for they are each equal to the fame Quantity tf, and this 
unknown Quantity will be exterminated. ' 



4 • S 



. 9 X z 

10 X "3 

II 4- 9 ^ 
12 + 2/n 

I3-^I9 

By the fourth ) 
Equation. 5 



10 

II 

12 

'3 
IS 



5^ — m A— 3* 
- — 2 



10 ^ — 2 »l 



=S:*-r3/ 



10* — 2»i = 3i— *9,f 

19 tf — 2W = 3^ 

i9tf=:3^-{-2m 

* = ^ =5, the Icffer Number. 

19 ^' 

the greater Number. 



h — -2 * 



PROOF. 

2 a -f- 3 « ^ 29 
5' — 3«= 4 

/ 

r 

Queftion 45. Twm Travellers^ A and B, matiug en tbi R»ad^ 
fmnd, that tf the Number of Milis travelled by A was divided 
h fiy^^i adding to this ^9tuni thru, tims tht Diftana travelled 
fy Dy the Sum was 249 ; 

Buif 



The Method of refoWing Qoeftions, &c: 151 

But if twice ibi Dtftanct iraveUfd by A was ^dded U fiur 
iimes the Diftana traveUid by B> thf Sum was 540. HffW atafij^ 
A£Us bad tacb traviiled f 



• Let tf =t the Number of Miles travelled by A, #s= tht Nuifi* 
ber of Miles travelled by B, jt =: 249, s=540» 



BytbcfirftCon-) 
dition. 3 

ij the fecond I 
Condition, j 
1x5 



I 
2 



•3-15M 4 



- ■A-'iezzx 
5 ^^ 

2a + 4^ = 2 

# = S X — 15 f 



The Value of a being now found by the firft EquathMij 
its Value from the fecond Equation. 



2 — 4# 
5-5-2 



5 

6 



2 tf = s;-— 4^ 

X -— 4 ^ 



Now make the fourth and fixth Equations equal to one ano* 
tber as before, which exterminates .« .. 



4 • 6 
8 + 30 ^ 

io-f-26 

Tb^ by the 4th 7 
Equation. 3 



7 

8 

9 

10 

II 
12 



IS' 



z — 4 / 

2 "^ 

«— .4#=iOJr— .30^ 
z + 26 / = 10 4r 

26 /= 10 AT -— z 

i = 7^^ =: 75, dw Miles trar 

(veiled by B« 



26 



tf=:^x*<^i5#= 120) the Miles tra* 

(velled by A, 



PROOF. 



-+3^ = 249 

d4i»f*4#sS40 



The 
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The Learner being now a little converfant witli thtfe kind 
of Queftions, let the laft be repeated, and put Letters for all 
the Numbers both known and unknown^ and if he finds any. 
Difficulty in foiving it by comparing the two Operations, the 
iiMrmtr may in fome Manner explain this to him ; and to iliu- 
firate it the more I have placed the Equations in the laft Work, 
againfl their correfpondent Equations in the next Operation. 

Queftion 46. Two TravilUrs^ A and B, meeting on the Road, 
fmndy that if the Number of Miles travelled by A was divided 
by 5, and adding to the Quotient 3 times the Miles travelled by 
B, the Sum was 249 : 

But the Dijiance travelled by A being multiplied by 2, and 
added to 4 times the Diftance travelled by B, the Sum was 540. 
How maty Miles bad each travelled f 

Let a =z the Number of Miles travelled by A, /c=: the Nuni^ 
ber of Miles travelled by B» a'^ 249, 2; 2;= 540, as before, but 
iiowputrf=:5j /« = 3, j=2, ^ = 4. 



BythcfirftCon-} 
dition. 5 

By the fecondl 
Condition. ) 

\ y.d 
^-'^d me 



3 

4 



a ^ , . « 

-^mezz.x^ that IS, - -+-3^=:;if 

^ 5 

qa»^pe^^%i that is, 2^-|-4,/ = s? 



a'\'dmezzzdx^ that is, ^-{-15^=5;^' 
a z^d x-^dmOf that is, a =>= 5 ac « — 15 / 



Having found the Value of a^ from the firft Equation, find 
its Value from the fecond Equation. 



2-*-^/ 

5-^? 



5 

6 



qa z=:% — p e^ that is, a ^ = z -— 4 ^ 



a = 



? 



-, that is, a =: 



Now Itiiake the fourth and fixth Equations equa| to one skAo- 
ther, for they are both equal to the fame Qiiantity a^ which 
exterminates that unknown Quaotjtyi > 



4 • 6 



1^1 



8 



z — pe J , , , 5k— 4 * 

i*. i s^dx^^dme, thatis^ 

q 2 

Z'-^pe^dqjC'-^dmeqy that is, jt*"— 4^ 

6 + dmii 
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9 dmif + z — pe^dqx, that is^ 26# 

10 dfnef — pez^zdjX'-^Zj that is, 26^ 
= 10 * — z 



8 -^d m i q 
9 — a 



The unknown Qiiantity i feeing in two Termsi thefbfor^ 
divide by both the Co-efficients of #, as at Art. 52, 



to^dmq^-^p 



II 



e = -r^ =^ 75, that is, i = 

dmq — p '^ 

- — -r — = 75, the Miles travelled 

1>7 B. . 



« 

And it being found that e is 7^i we niay find a by the fourth^ 
or fixtb. Equation to be I20« 

Quefiion 47. Thne art two Arndtt ntidy to engagi^ dnd If thi 
Number of Soldiers in both Armies are added together^ and thai 
Sum multiplied bf 4, the Product is 84440 : 

But if the Number of Men in the greateft Army be multiplied bf 
2^ and added to the ProduSl of the Number of Men in the Itjfer 
Armf muitiplitd by 3, the Sum is 522x9. To find the Nunibir of 
Men in each Army f 

Let d == the >f umber of lilen in iht greateft Army, i == tlie 
Number of Men in the lefler Army, ^ == 4, M =: 84440, 2 = 1^ 
*=3» ^ = 5«i9- 



^ythefirftGon-} 
dition* 3 

By the fecond 1 
Condition. 3 



J a ^ d e z^m 



t'o find the Value of a^ in the firft Eipiatioxl^ 



x-^de 
Z^d 



3 

4 



d a-zzm*'^ de 
m^^ d e 



a s 



I ■< 



Kow find the Value of Ci from ihe iecoJid Equatbiif 



i^x0 



154 



ALGEBRA. 



a— 



Xi 

-5-» 



5 

6 



za:szk — Xi 

a =: ■ 



Then make the fourth and fixth Equations equal to one ano- 
&er, to exterminate a. 



4-6 

1 X d 

8x2 



im — i/# * — jrr 



8 
I 9. 



m-^di'sz 



db'^d X € 



zffi'^zdisssdi'^^dxi 



Now in 'this Equation # being on both Sides of the Equation, 
find which of its d-ffficiints dxj or z rf, is the grcatcft. Now 
%d n 8, but dx is ift, therefore tranfpofc dxe^ that the un- 
known Quantity, with the greateft Co-efficient, may have tbo 
kffirmatiye Sign* as at Art. 52. 



By the fixth E- 1 I ,j 
auation. J I 



^J^dxe\iO\dxi^%m — %de=db 
It —z Iff} li I J;r# — zir =:i A — x>ff 

ii^iAr-zilialr = -~^j^ = 9999 

Q ^: , r= mil, the Number 

^ of Men in the greateft 

Army. 

» 

Dividing the eleventh Equation by dx — z^, the two Co- 
efficients of /, as at Art. 52* gives the twelfth Equation. 

PROOF. 

4 tf -f- 4 ^ f= 84440 
atf.-4-3'5=522i9 

Queftion 48. A GehtUman bought a pair of Horfes for bis 
Coach ^ his Son having learnt Algebw^ tho Fathir propojid for Km 
to determine the price of each Horfe from faying^ 

That if the Sum of what both the HorJe$ cofi was multiplied If 
4, and *ibis BrffduA divided by 8, the ^otient would bk 20 
Pounds: 

But 
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Bsa i/uAai tbi heft Hvrft coji was nmUipUiHy 3, mi this 
Pr$dua aiiii to % timet what the worft Hofft cpfi^ this Sum 
umU h 158 Pmmis. Nmv what wat the pria §fiacb H§rj4 f 

Let tf = vbat the beft Horfe cx>ft, #= what the worft Horfe 
coft, 4 = 4, i=8, 111 = 20, ^5=3, ^ = 5, «=sis8. 



\ 



iBythefirftCoo- 

dition* 
By the fecond) 

Condidon. 3 

I X i 

3-*^ 

44.* 

2 — ;r r 
6-^ 



S • 7 
8 %p 

io + 4jr# 
ii^pdm 



By the fevcnth 2 
JEquation. 5 



I 

2 

3 

4 

5 
6 



8 



10 
12 
13 



H 



*«_+*#_ 



^« + ;r# = 2 

t a-^iizsz dm 
b a ^ae^dm^^b i 

dm^^b^ 

a ss ■! 

patsiZ'^x i 

To ejcterminate a 
d m^^b i Z' 



X $ 



pdm^^pbi 

pdm—'pbizsbz'^bxa 
bx4 + pdm'^pb4:=:ib% 
ix i^-^pb i^=sibZ'^pdm 

g sf ^TTf ^ sg 19 Pounds, the 
bx^pb price of the worft 



price 
Horft. 



tf ss - 



Ar# 



=: 21 Pounds, the price 
A (of the beft Hofic, 



PROOF. 
4tf#4-4j 

f O ' ' 

Qucftion 49* 7uw y««iif Gjtntkmin, who bad fludUd Hmiiri^ 
tut aiming about tbiir Jbi^ rtfimd tbi diffuti to their Tatber^ 
wbo fmiling fUd ihm^ that if the Ago of th rideft wa$ Mmdod 

X a bf. 



/ 



t5« J L G g:B R A 

ly 2, io which ^wnient adding 4 times the Age §f the youngefi^ an J 
ixtraSfing the fquare Root of this Sum^ it would he 10 : 

But if the jfge of the eldeji was muUipUed hy 3^ and added 
io the Age of the younggft multiplied by S^ this Sum would he 201. 
9o find the Age of each Perfin f- 

Let a = the Age of the elder, / == the Ag^ of the young^r^ 
^=2, ^=4, iw=l0, /:;:3, A = 5, r = 2pl. 



By thefirftCon- ) 
dition. J 

By the fecond) 
Condition. 3 



/a 

i/ - ^de:=zm 
p 

ft 

p a -^b e s=:r 



Becaufe in the firfi Equatipn a the finkfiown Quantity 19 un* 
der'the radical Sign, therefore fquare both Sides of the Equation^ 
as at Art. 49. The 1^2 in the Regifter fignifies that the firft 
Equation being involved or raifed to the fecond Power or Square 
makes the third Equation, for ^ is the Sign pf Involution. 



1^2 



^ 



4 X h 
7,"^ h e 



s • 7 1 

8 X ^ 

9 -\-pb d e 

10 — r 



6 

/ J 



ji -fpb d—h 

Jty the feventh ) 
Step. J 



8 

9 

10 

II 
12 



»3 



a _ 



fr{ m 



-T zz^m m-^ 4 e 
b 

^'\a = bmm'-^hde 

p a =:^ T "-^ h e 

r '•^ b e 



Now to exterminate a 



^sz h m m — .i d e 



r-'^he'zz.pbinm — ' p h d e 
p b d e ^r ' — h e =± p b mm 

pbdt'^he^=:pbmm'-^r 

pb mm — r' .. ' . 

^ = ^nrT^-T = ^^ ^^^ Age of th^ 
pb4^h (youngeft.^ 

a ±: * > --^ = 32, the Aee of the 
I ^ (eldefL 



f R O O P. 



The Methofl of refolvlng QucMons, &c, i^J 



PROOF. 


A' 
V - -4- 4 ' = lo. 

^^a + st = 201, 



Queftion 50. Two Tradefmen^ who had ban at a Fair^ upoi^ 
(omparing their gains j fotmd, that if tbi Profits of him who bad 
gained the mofi was multiplied by 2, to which adding 3 times the 
Profit of him that gained the leaji^ the fpsare jRjoot of this Sum 
would be II Pounds : 

But thai if 6 times the Profit of him that gained the haft^ was 
odded to tie Quotient of bss Profit that gained the mifl whom 
^vided by 10^ this Sum pmld be 47 Pounds. To find tie Profit 
of each Tradefman f 

« 

Let us: the greateft Profit, e= the leaft Piofit, h/szt^ 
4=3, «= w, ^ = 6, «=io, * = 47. 



JBytbearftCon-) 
dition. J 

By the fecond) 
Condition, j 



I 
2 



S/ b a ^de = if 






In the ^rft EquatipQ the unknown Quantity u being under 
the radical Sign, fquare both Sides of the Eolation aa in the 
]afl Queftion. 



1^2 
3— rff 

^^b 

' 2 X z 
6 — »^ ^ 

5 • 7 
?x» 



3 

4 

5 

6 
7 
8 

9 
10 



?o 



— Ilff I II 



ba^de zs.nn 
b a = n n — d e 

nn — 4e 

a z^ , *L I 

zpe'+a:=^zx 

tf =3 %x^^%p e 

nn^^rde 

— zszzx'^zpa 

nn'^dezrzbzx-'^izpi 
bzpe-J^n n^^de — bzx 
bzpf'^dizzb^X'^nn 



II 



15* 

II 'i'izp'^d 

By the ferentb ) 
Step. 3 



ALGEBRA. 



12 

13 



g ss ■ ^ ■'■ = 7 Pounds* the leafi 

a:s.zx^'''^f4zz $0 Pounds the great- 

(eft Profit. 

PROOF. 



' lo ' 



QgeftiMSi. TmPm/ms^ A and B^ Htn €^ a Sum 0/ Aiimiy^ 
tkH if whiU A MCHtf is iivLkd iy 5$ t0 wiUh ^otiint adUng 4 
iimn tkg DA rf B» mad ixtraa ti^ ffwrg Rati af this Sum^ U 
will be 6 Pounds : 

But if from 3 times the Dekt of A, tberg is fu\fira£ted 50 
pnm ihi D^k 4f B, €fid esctrMG tte /^uaro Root ef this Rg- 
tnainder it wiH he 10 Pouuds. lVh4st did each Perfon gwe f 



Let 4 = the Debt of A, # = the 
dzzbj p^Z> ^ = SOj a =10. 



of B, *i = 5» » = 4» 



BythefirftOm-Y 
dition. 1 

S7 f he fecoiid 9 \ 
Coodkion. S 



^ 

y/— + ne 
m ■ 



= d 



V p B -^x g^^z 



To find the Value of a in the firft Equation ^ raife it to the 
fecond Power as before. 



3 — «' 

4 X » 



4 



a 

m 
a 

m 



^n ez=.d'd 

=: d rf — n t 



^. i asRmdd^m^mn g 



To find the. Value of in the feoond £(i]iuation> raife it to 
the fecond Power as iiefdre. 



Z^Ol 



The Method of reiblvifig Q^ffioos, &c. a $9 



2 o< 2 

1-rt 



6 i^« — 



7 
8 



/»« = 



« =: 



8 35 -+•* * 



MM*b 



Now make the fifth and e^hth Equations equal to one ano* 
tber, to exterminate «• 



5 .8 

10 -{-pmne 
II — « z 

Then by the) 
eighth Step, j 



9 j i— zzm da^^mm^ 

pmne^x^'-^^M^zSLp mdd 
prnm J^-^x i^spmdd^zx 

, _ t2Llt:;::5f -4Poiwdf,theD^^ 

^«» + * (ofB. 

= *T" ' ■ =100 Poundf, the 
f (Debt of A. 



10 
II 
12 



tf =: 



PR 00 F. 



>2 

• ^4^ = 6, 

5 
• 3 tf — 50 / = 10. 



Queftion 52. 7fc;0 ^^9 A and B» f mr; /^ Marl ft loitb Eggs, 
if the Number (f Eggs that A bad was mdtipUid ty 6, to wbicb 
adding 100, and dividing ibis Sum by tbi Number ef Eggs tbat 
B W, tbe ^ctient would be 16 i 

And if from 9 times tbe Number rf Eggs A badj ibere be fub* 
firaSha 4 times tbe Number ef Eggs B bad^ ibere weuld remain 
35a H9W many Eggs bad each Perfin f 

lAt a = the Number of Eggs A had, # ss the Number of 
£^ B had, ^=6, msioo, p:s:i6, f»9, x:=n, 

«=:3S0. 



I 

2 



da^m 



ba 



~-^ (By 

— jir/ = 2 3 



theQoeftiom 



da^m:sipe 



3— «r 



i6o 



ALGEBRA 



3 — » 

i + xe 



4 

5 

6 

7 



da sip e-'—m 
ft — m 

% + X i 
a == ' r 



Make the fifth and Teventh Equations equal to one anbthefi 
to exterminate s^. 



p i "^ m 2 -f- AT ^ 



5-7 


8 


Zxd 


9 


9 X i 


10 


tO^-^dxe 


II 


tl ^bm 


12 


il-i-bpf^dx 


13 


\y the feventhi 
Step. 3 


14 

• 



^ ^ — w = 



d% ^ d X e 



b p e '-^ b m =^ d % '\' d X i 
bpe-^-^dxi^^bmzixdz 
b pi — dxezizdZ'-^bm 

d 2 ■■■ I O I9i rf ^ 

^ = TT T- = 25, the Number of 

bp^dx (Eggs B had. 

a zz, "^^ — = 50> ^^ Number of 

(Eggs A had* 



PROOF. 

t 

6 tf + 100 

-L.^ = 25. 

9 a — 4^ = 35 of. 

\ > . • ♦ _ 

Queftion 53. Two Pirfinsy A and B, lo(jfing 4i the Gamiing- 
Table J were asked bow much they lojiy to which A repliedj that if 
what I loft be multiplied by 3, and adding 100 to this ProduSf^ 
if this Stem is divided by what B lo/i^ the ffuare Bm rf this 
^otient will b^ 10 Pounds : 

But if what B io^ is multiplied by I50, from which ProduH 
fubftraHing 600, and dividing this Remainder by what A lo/f^ 
thejquare Root sf this ^otient will be 2 Pounds. How much bad 
each P erf on loft f 



I 



tet 



The Method of Refolving Queftions^ ^c. ibt 

Let a=: what A loft, if = what B loft^ d=3f fht±i00i 

«i=X0| xzstsOi s; =: 600, ^ zc 2i 




the Qjieftiodj 



To find the Value of a in the Tecond Equation^ nufe it to th4 
fecond Power by Art. 49. 



i ^ 2 

3 5< # 

4 — iw 



s-f- 



4 
5 

'1 






inn 



> m 



To find the Value of d Ih the fecoiid Equsltioh, ridre it Id 
the fixond Power^ by Art. 49. 



2^2 
7 X tf 



7 
8 



8^** 9 



jlr # 



Z' 



X i 



z 
z 



kb 



bb 
abb 

a 



Make the fixth and ninth Equatidns e^ual to one inotWi 
to exterminate a. 



6 . 9 

10 X d 
II %bb 



10 

II 
12 



inn 



ni sc 9 ^-^z 



i n n -i^ m:zi 



bb 

d X e 


^j 


X 



bb 



bbnn t'^tbmzsid X i'^^dt 



Beqwfe d x one Co-efiicient of i is greater than bbnii thd 
other Co-efficient of therefore tranfpoie bbnn$^ by Art 52. 



12 



i6z 

12 — ^i n Hi 
Ox 

15-f-rfAf — bbnn 



By the ninth Step 



jf L G E B H4. 

'^Ihm-rzdx i — d% — hbnm 
d X e "^ dz — b b nn i^irr^b b m 
d X — b b n m z=: dz^r-i b m 

, - ^^-*if! :=: 4, the Sum that 

(Bloft. 



«3 

15 
16 



f7 



dx — b^nn 



X e 



a = 



bb 



= I'oOy what A loft* 



PROOF. 



A 



i/ ^ — i = 10. 



Acq tf — 600 
^ «2 — — 2. 

a 

Queftion 54. A th$ right Qnghd Triqngh ABC, thin is 
givin iht Bafi A B = 4, and tht diffkrenca between the Hypef- 
tbenufe A C and Perpendicular B C = 2. To find the Hypo- - 
tbiwffe A C and Perpendicular B P ? 

Let AC=:/i, BC = ^, AB = * = 4, ot = 2. 

Having put Letters for the three 
Sides of the Triangle, and amongft 
thefe there being Vf{o unknown 
Quantities a and e^ therefore we 
niuil raife two Equations either from 
the Properties of the Figure, or from 
the Conditions oT the Qijeftion. 
And in the Solution of (he Qeo* 
metrical Queftions, I would recom- 
ipend it tp the Learner that after 
-B all the Parts of the Figure which 
are neceflary to. the Solution of the Qgieftion are exprefied by 
Letters, to ob&rve how many of them ane unknown, for gene- 
rally fo many difierent ixjuations are ^ifed from the Properties 
of the Figure, or the Conditions of the Queftiorij afterwards 
the Work is regulated by the Rules already given. 

Now from the Property of the Figure, the Square of the 
Hyppthenuib A C, or a a^ is equal to the Square of the Bafe 
AB, or bb^ added to the fquare of the Perpendicular BC, 
^ ^4^ by 47 / I. 

That 




The Metho* of RefolVinl QAeftions, &c. 163 



That is I I 



aa=::B h^e e from the Property of 
th^ Figure by 47 # i. 



Be^aiife' by tiie Queftidh the difierehce between the Hypothe- 
ntife Ac, or sty and Perpendicular B C, or #^ is = 2, or m. 

Hence I ^la'^tssiM by the Conditions of the 
I I Queftion. 

Having raifed the two Equations, proceed as in the former 
Examples, that is, firft find the Value of a in the fir ft Equa- 
tion, by the Extradion of Roots, as at Art. 50. 



Now find the Value of a^ in the fecond Equation. 

2 -f. ^ I 4 |'j=:xn'-f^^ 

By making the third and fourth Equations e(]|u^ to one ano- 
ther, we exterminate a. 



3 . 4| 5rw + ^==V^^^ + '^ 

Becaufe e the unknown Quantity* is under the radical Sign, 
and there beings no other Quantitiet oil thd fame Side of the 
Equation with it, that are not under the radical Sign, therefore 
fquare both Sides of the Equation as at Art. 49; 



7 — m w 
» -7- 2 m • 

By the fourth Step 



7 
8 

9 
10 



mm-^2m i -^ ee = h'f^ g / 

7. m i ^b b '-m^ m m 

# =r — i ; — =: 3, the Ferpendicu- 

.**" (larBC. 

tf^=m4-/=:5, the Hypothenufe AC, 



Thiit theTe- are the tbtee Sidel of the right angled Triangle 
is proved,, by/quating- the Hypothenufe 5, and fee if that is 
equal to the Square of the Bafe 44 added to theSqdare of the 
Perpendicular 3 \ for this is the celebrajted Property of the right 
angled Triangle t& have^the Sqiare rf the Hypothenufe equal 
to tbe Suf|i of the 6quare8S)f the Bkfe and-Perpendteiilar. 



y a 



Qieftion 



)64 



4 L O E B R J. 




Queftion 55. In the right angle J 
7riangle ABC, given the Perpen- 
Sculaf B C = 3, and the Different 
between the Hypctheuufe AC, and 
Bafe A B = I. To hnd the Hypo- 
tbenufe A C, and Bafe B A? 

LctAC = tf, BC = 3=;*t 
A B :^ ^ ;r r:: I* 



Then 



aa^s^bh^ee by the Property of thp 

Figure, as in. the laft Qieftioq. 
a — e^zx by the Queftion 



There being as many Equations raifed from the Property of 
the Figure, and the Cotiditioi^s of the Queftion as there are un- 
l^pown Qyantiti^S) the Work pro(:eeds upon the faipe general 
Rules, thus 



I Ml 1 

• 6 — /* 


3 

4 

5 
6 

7 


azzx^ b b -j-'' 
x-\'t=i\i^bb-\-i 
X X ^i X * ^b b 


^e 

bb + ee 




7 — ** 
.8 r^ 2 X 

By thf fourth Step 


8 

9 
10 


i X t^ib b — X X 

bb—XX 

'- -2. =*' 
tf==* + ^=:5, the 


the 3%re A B. 
Hypothenufc / 




Queftion 56. In the right-angled 
Triangle A 3 C, there is given the 
Hypothenufe A C =. 5, the Bafe A B 
=4, and the Perpendicular B C:;;=3, 
to find the Perpendicular B D, ktfall 

from the Angk B, upon th$ Hypo^ 

'tb$nufe AC. 



Let AC=s:*=5, AB=m: 
BC — *^ = 3, Pe = a, AD 



4f 



The 
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ThcQueftion requiring that we find B D> if we find CD 
wc can anfwer the Qucftion, for the Triangle B D C being a 
right-angled Triangle, B D being Perpendicular to A C, con- 
fequentlj B C being known, and by finding D C, we ihall 
afterwards eafily find DB, by the common Property of the 
Triangle. 

It is exactly the fame, if we find AD, for the Triangle 
A D B is right-angled, and A B is given by the Quefiion. 

Now BD being a Perpendicular, common to the two Tri- 
siflgles ABD, and 6 DC, let BD =?^, then by the Triangle 
ABD, we have mm — tt-z^pp^ and by the Triangle CBD, 
we have xx'-^aaz;:Lpp^ from the fame reafoning as in the 
two laft Qijieftions. 



Confcquently 



And 



1 '\' a a 

4 — - « m 
5 lOP 2 



2— * ^ 
?0 4- 2 ^ / 

II •\-m'm 

12 — AT * 

13 -r 2* 



3 
4 
5 

6 



7 
8 

9 
10 

II 

13 

-I 



mm^^ii^^xx^'^aa for both mm^x^a 
and xx'>-^am^ are each equal to the 
fame Quantity fp^ and therefone 
equal to another. 

a+#=:^ that is, AD+DC=AC 
by the Figure. 

To find the Value of ^ in the firft Equa- 
tion. 

Qa-\^mm'x^iez=Axx 

a a-^-mm-zz^x xJ^i i 

a a zsi X X ^ e e — mm 

ii^z%^xx'^£i'^mm 

Now find the Value of a in the fecond 

Equation. 
a :zzb'^ e 

^ XX ^tt'^mmz^b''-^^ 
xx^i g'^mmzizhb'-^lbg'^gi 
xx'-^mmzz,bb'^7,hi 
%be'\mxx''^mmz:zbb 
^be-^-tX x-in^bb^mm 
%biz:zbb'{'mm — xx 

b b + m m'^x X ^^ 

' - ' 2b =3-^ = AD. 



Having found AD to be 3 . 2 it will be eaf/ to find DB 
^7 wba( was faid above. Thus, 



16 the 



l66 



ji L G & »R jf. 



t6r theSqinreof AB. 
>0.24> the Squait of A D. 



■^-«* 



5,^(6 (2.4^ =DB, die PierpendicuIaF requircif. 
4 



i«Miri*irt 



44) 176 
B76 




^ Queftion 57. 7« riV of- 
^ Uque Triangle A t) B, /^^r/ 
/j £/t;^« the Side A B =:= 15^ 
/A^ S/V/ fi £) = rz, and the 
Side AD = 6, /« find the 
Perfenditulhr B C falling 
without the Triangle from the 
Jngle B^' on the Side A D> 
continueal 

This Qucftion will be 
anfWered from finding D C» 
for the Triangle B D C be 
ing right-an'gldd, and DB 
being: krtowh froo;! finding 
_ T>Cy we rtfay tfien find 
A. D^ C B C firorti the common Pro- 

perty of the Trfangle D'B C^ a^is in the:laft Queftion. 

Let AB = A=i,54. A.D = /3» = e,» DB = a'=i2, DC 
= 17, then Ae = AD.+ DC=:»r4.<7i KG 3:^. 

Bccaufe the Triangle A BKD is rtght-angledi therefore if from 
the Square oP A ff, or b't we- fttbl&aft the Square of A C, or 
mm^2ma'\'a'aj the' Remaindel- is equal tb the Square of 
C&j ox ee. 

, Therefore j i |«^i— m;/!—- 2/«ia— ^^-tf^ =:^/. 

Becaufe the^ Triangle D.E<; is right-aifgted j, . hft the^ fame 
fcafonUig we have . 

Again | 2 \xx'^aa:zze€. 



And 
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And as the firft and fecond Equations are each =//, there- 
fore make them equal to one another, which exterminates everjr 
Power of / io thole fquatipns. 



I . 2 
3 + aa 

5 '^ .*'•*• 

.6 -r- a »f 1 



3 

4 
5 

6 



zma^r=^bk^^mm>^^xx 
hb-'^^mm' 



•XX 



a =;: 



T-m 



55 3 75 -DC 



And from hence we qiajr £nd Q C as was find aixnrei thus 



DB> or (^3= 12 

12 



PC, or tf*=j.7S 

3-75 



14^ 



i87S 
2625 

1 125 



140625 



144. 
J4.0625 



1^-9375 ("'39 
1 



BC, the Perpeadictthr reqiiired. 



21) 29 
21 



223) 893 
669 



2269) 2247s 
20421 

2054 



Oi 



v. ■ 



ti68] ; 
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56.TX7 HEN all the known Quantities are on dhe 8ide of th<^ 
VV Equation, and thofe Quantities only On the other Side 
which have fome Power of the uiucnown Quantity ; then if the 
unknown Quantity appears to be to the ficond Power or Squari 
in One Term, and to the Jir/i Power only in another Term; or 
if in one Term its Power or Heighth is doutU its Power ot 
Heighth in another Term, and there; is no other Power of the 
unknown Quantity in the Equation, thefe Equations ztt called 
^uadraticy as in the following Queftions. 

Queftion 58. Two Men had a Number of Shillings^ that the 
bffir being fubjlra£ied from the greater there remains 10 : 

But the Number of Shillings one Man had being mtdtiptied bj thi 
Number of Shillings the other Man hady the Produ£t is 75. To 
find each Maris Number of Shillings f 

Let i3r=: the greater Number of Shillings one of the Men 
bad, e'ss. the leiTer Number of Shillings the other. Man hadj 
^=10, ina=75. 



Then 


I 


"-' = *] By 


And 


2 
3 


i + * 


at^bJ^e 


2 -T-< 


4 


m 
a z=: — 


3 • 4 


5 


.+'=^ 


5x< 


6 


e e -^ b ez=im 



From comparing the fixth Equation, with what is (aid afaove^ 
it appears to be ^adratic^ for one Quantity is / ^, or / to the 
fecond Power, and in the other Qiaantity it is only e^ or e to 
thcfirft Power* 



Anil 



,-*«*^ 
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'And to refolve this Equation, take the Co-efficient of e 
tp the firft Power^ which is b, divide this Co-efficient by 2 

siRd the Quotient is -, which fquare, or multiply^ by itfclf, * 

b b 

and the Produfl is — , which ad(} to both Sides^ of the £qua« 

4 
tioxi^ thus 

O^DJ 7 XiiJ^be"^ — i=:»i+ — 

The c D in thjc R^i/ler fignifie9, that the fixth Srep is made 
^1 Square at the feventh Step, or the Squiire is compkauJ, 

Now if we compare the Side of the Eqaatioii / / -f" ^ ^ + — ^ 

4 
with fooie of the Exainples at Art. 34. we iball find this Side of 
the Equation to be a rational Quantity^ or a Square^ that e3C« 
trafUiig the fquare Reot 0/ both Sides of the Equation ; 



8 



y w 2 
b 



8 



. b y , hb 
^ 4 

y Vb ' h 



^-|_9l,:=^«+-:-- 



in Nuin.ben. 



100 jthe fquare Itoot of which is to 



2 



5 = ^y the Nuntbor of 
. (Shillvigs one of the Men had. 

Then by the fdurth Step « a V^- 5= iS> *« Number of 

Shillings the other Man had, 

^ ? R O O t. 



170 
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PROOF. 

Queftion 59. 7biri an two Numbirs^ tiat if ihi Sfmre. of iht 
lejfer is taken from the greater^ there remains 36 : 

But the greater being added to 6 tiniis the Jeffir^ tho Sum is 
148. ff^at are the two Numbers f 



Let lar = the greater Number, ^ :;= the leffer Number, b 
mzz6, ;r = i48. 



5:36. 



Then 

And 


I 

2 


I -f-«« 


3 

4 


3 • 4 
5-* 


5 

6 

7 



a 
a 



Ti^^JBy the Queftion. 



a zz b ^e e 
a zzzx '^ m e 
b^eezszx'-^mo 
rrjp "^m 0"^ b 
e^ m ;z:x '•^i 

The unknown Quantitiet being brought on one Side of 
the Equation, the Equation appears to be ^j^draticy by 
Art. 56. 

Now the Co-efficient of e at the firft Power is m, which 

being divided by 2 is — , this being fquared is ---^, and add* 

^ 4. 

ing -^-*-, to both Sides of the Equation as in the laft QuefHon, 
4 . 

we have 

The 7 < t3 figaifu» that the feventh Equation is made a corn-* 
f leat Square^ at the eighth Step. 

And extraaing the VS^Qto €f both Sides of ^ Equation, aa 
in the I^ft Queftion. 



S m 2 
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m 



67 the fourth Step 



9 

10 

II 



2 4 



^=i/*— *+ : = 8, the 

(lefler Number. 
a=sx-^mizz 100^ the greater Number. 



PROOF. 

<i — • ^ ^ = 36 

4* 6 « = 148 

> 

Qo^flkMI 60. iH^^e ParallMgram A fi C D, ^yi-Mi th t$9ig^ 
eft Side A B multipBid fy 3, /ifr/r/ is fuhftraaed the Sfuare of 
the Mir Side B Cy tbi Rgmaindir will be 5 : 

j5»/ if the greater Side A B is added to 4 times the leffer Sido 
B C, the Sum is 30. Tofnd the Sides of the Parallellogram A B, 
mdBCi 



A 



B 



P 



IMM— V 






c 

4, *=30. 



» + #/ 

3-f-V 



I 
2 

3 

4 
5 



fV^'Tf^Bythe 
iti'^ei 



uettion* 



a = 



4^ 



a s;if •— «i 



Z 2 



>«r? 



4 . 5 



ji L a E B R A 

m^i e 

r — =Ar — te< 



6xd 
7 — m 
9 +^«^| 9 



7 
8 



fn'^eiz:zdx^'^dzi 
eeirzdx-^dze — m 
e i ^dzii=z dx — m 



Now the Equation appears to be ^uadratic^ by Art. 56. anc} 
the Co-efficient of ^ is Vz, which being divided by 2, \\ 

— , this being fquared is — ?, which added to both Sides 
2 . i^ 



ipf the Equation, as in thie two laft Exapiples, we have 

« 1 I ■ J • ^^2z , dd\ 

9c a 10 /^+^z<4. — >=:i;r— w+-T^ 



dd%% 
4 



And cxtraaing fhe Root? of hotji Sides of the Equation* as 
i{i the two laft Qucftions, 



10 utt 2 


II 

12 

13 


• dz y^''^ 

2 


d dzTi 

4 


dz 

2 

yrpm the fifthStcp 


^<^ , ddoiz 
tf =5 jr — 2 ^ s= 10 = A B, 


(=BC, 


- 


PROOF. 








3« — ^^ = 5 


i 



Queftion 61. Tw GentUmth having had their Paris furvyedy 
laaUft the Account^ but they r^memberedy that if the Numker of 
Jcres in A'j Parky taas added to ihe Number of Acret in B^^ 
Parhy^.\be ^um was 1 10 : 

But if the Numtir of Acres in B^. Park was multiplied if 
go, from which Produ^ fubflraHing the Square if thOf^Numbir of 
Acres in A'/ Parky there remain' d i^oo* Ho%p many Aj^es was. 
\J^tr^ in each Park f ' '. 



l^ 
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I^t tf = the Number of Acres in A's Park» / = the Niun- 
htx of Acres ia B's Park, ^ = no, m = 80, x = 1400* 



J 

1 


I 

.; 2 

3 


«7'r/-jBythc 


1 r— « 


r=: b "^ a 


z ■\- a a 


4 


m iz=. X J^a ^ 


4-r»» 


5 


X'+'aa 
m 


3 -5 


6 


x + aa , 
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6 X « 


7 


^-^tftf==m3— -j9ia 


7—* 


8 


aazzzmb-r—ma'^-'X 


B-}.»i« 


9 


aa'^mazzzmi'-^x 



Here the Equation appears ^adratic, and compkating the 
Square as in the former Examples, we have 



« 

9 c D J 10 I aa'^ma-^' — zsimB^^ x ^ 



mm 



^n(l extrading the fquare Roots of both Sides of the Equatio^^ 
1$ in the laft Examples* 



to m Z 



m 
II 

2 



^rom the third 7 
Step. 3 



II 



12, 



•* 4 




(the Number of Acres in A's Park. 



^ = f T- tf = 50, the Number of AcMst 

(in B's Park. 



PROOF. 

a -+ e=^ no 

go ^ -r- tf « = 490 



1*^ 



Til 
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The MtmtUr rf fuiftituiing 0it ^^«tity f^t fivital ^her$^ 

ixplaimd. 

57. But if, after the Work is preiMir^ for having the Square 
ion^Uatidj it appears that the nrff Power of the unknown 
Quantity is in more Tttrms than one, it will be more commo- 
dious to fubftiiute fome other Letter for the Co-efficients of the 
firft Power of the unknown Quantity^ a^ lA the following 
£xamples« 

Queftion 62. A Gentkman propofed to give his two Sonsy A and, 
B, each an Eftafey en the Condition^ they could tell him what were 
their Rents by knowings that if the Square of the Rent of the 
Ejiate he intended to give A was added to the fame Runt mulii^ 
plied by 7, and this added to the Rent of the Eft ate he mended %$ 
give B, when multiplied h J^ this Sum would he 4220 Pounds : 

But if the Sum of the Rents of the two E/tates was divided By 
10, the ^otient would be ii Pounds. What was the Rent if 
each Eft ate / , 

Let tf r= the Rent of the Eflate which A was to have, / =» 
the Rent of the Eftate B was to have, ^;^7, ifi = 4, d-=^ 4220^ 
3^=:iO> *•= I J, 



I 

2 



aa^ia'{'mi':s:d' 

^ + ^ s= ;^ J By th^ Queftion, 



|b, 



Thefe being the two Equations which arife from the Que- 
ftion, and becaufe the Terms are more fimple that have the un- 
known Quantity e^ than thofe that h^ve lYit unknown Quantity 
at it may be more commodious to find the Value of /, in each 
of the two given Equations, This Caution the Learner may 
obferve for the future, to find the Value of that unknown 
QuaCntity whofe Terms are the moft fimple in the given Equa- 
tions ; and they may be taken for the more fimple, whofe Powers 
are the. loweft in both the Equations that arife from the Que-- 
llion ; thus, if one of the unknown Quantities is only to thtfirft 
Power in both the given Equations, when the other unknown 
Chiantity is tothtfecond Power in one of the given Equations^ 
im Terms of the former may be faid to be more fimple, and 

tb^r^- 
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there fpre bcft to find the Value of that unknown Quantity : the 
Reader will find this Method obferved in the following Que* 
flions, and comparing their Work with what is faid may make 
tbh DireAion more intelligible. 



— itfl 
— - a fl 



2 Kp 

S • 7 

^^ a a 



3 

4 

5 

6 

7 

8 

9 

IP 






tf + f =*« 

91 
mpx'^^mifzizd'^fa'^aa 
4a^mpx''^ma7amd'-^h0 



Here the Equation appears to be Quadraticj and the firft 
Power of is in two Terms, w%. h a and m a^ the two Co* 
efficients being b and m, which are oonneded by the Sign ~*. 

But * and «, bein^ known Quantities, therefore * — « = 7 
•^4c=:3, now fiAftiMt^ ot put »53|> or %^h-^m^ then 
li^ laft Equaikii ii» 

By Sttbftitution I i^\aa^%4imd^mp xi for by Sub^ 
ftitution 2tfs^«-^»4 and therefore in the Room of bd 
mmmilf we ufe only %a* NowtakicC % for the Co-efEucient 
of tf • and comj^eating the Square as hcfiire. 



13 c D 



f4t«i 2 



^ 2 



H 



1^ 



By the fevQith) 
Step. 5 



r1 



4fi? + «fl + "T ^d-^fnpjf+ — 

4 4 

* 2 '^ ' 4 

a-szv d — mpX'\' -r- :— . -- == bo, 

4 * 

the Rent of the Kfiate whic;h A was 

to have. 

r s= ^ ;r -^ IS =9: 50, the %tvit of the 
(Eftatt whidi B was to have. 



P ^ P O F. 



1 



ALGEBRA, 



PROOF. 

f 

«« + 7« + 4^ = 42io# 
-■ ■ ■■ = II. 

10 

}t nay be jufl obferved to the Learner, that tbtf Method o^ 
Subjiitution is only to (ave Trouble and Labour, for after thd 
twelfth Step, if we had not fubftitutod b — inr=:z, then to have 
cowfUated tbi Squan^ we muft have divided b — 199, the two 

'b'^m 
Co-efficients of a by 2, the Quotient of which is , which 



iquared is 



bb'^T.btn-^mm 



, and this muft have been added to 



both Sides of the Equation, whereas by fitbftituting £ — ^ = z^ 
the Quantity to be added on both Sides of the Equation is 

^4' 



. Queftion 63. A Drupit bought a Parul rf LintHHj and m 
Pauil of tvootlen Clothy if tbi Squan of tbo Pounds hi gavi fir 
4bi Unntn Cktby be divided by 4, and to this ^otiiflt then /V 
addid what each fort coftj the Sum is fooo Pounds : 

But if what the Linnen eoft is added to the Quotient sf what 
the WoolUn coftj when divided by 8| fke Sum is 65 Poundf. How 
much was given for each /Sort ? 

Let tf=: tbe price of the Linneh, /= the prioe of the 
Woolleir, 3 = 4) ^=1000, m = 8, ;r=65« 



I — tf 

b I 



3 

4 



a a 



, e 

^ ih 

aa 



By the Qu^Rloni 



aa 



e^fimmawmm 



2xm 
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2 X m 

4. 6 
a a 

3 + « 

10 X 3 



I 

7 
8 



10 
II 






a a 

T 

aa 



'^mx-^ma 'Tzd'^k 



-p ^a + mx^^ma^ia 



a a 



J^a^ma^nJ — wi^r 



aa^i 0''^bmaz=ibd—i'mi 



Here the Equation appears ^adratic^ and the firft Power of 
the. unknown Quantity a has two C<>efficient8, i and b m^ 
both which are known, but ^ ^ |f m == 4 — 32 =: — aSt^ 
therefore as --28 is a negativi Quantity^ iiibftitute — 2 =: -— 28> 
pr '-^xss^-*-^/^, then the laft Equation becomes. 

By Subftitution | 12 | aa-^zazubd — tmxf for ba^^bina 
% a Hegdtivi Quantity, bm being greater than ti And com« 
pleating the Square as before. 



12 r D 



4> 



'3 



tftf — Ztf' 



£2: 



4 ^4 



I 



*! 



aix 



.J 



for — -- X — ■=■=+-• , by Art.9. 

Z A 4* 



Aad extrafting the fquare lldot as in the Ibrmer Quieftibhs, 



.13 uo 2 
I4 + - 



By thefixthEO 
ouatiod. .5 



14 



15 



16 



zz 



a=? 



2 V 4 



^^ 4 '. 2 






(Pounds, what the Linnen 6bft« 

;» ;r <^ 01 tf s^ 40 Pounds, what the 

(WooUcn coft4 



A* 



PROOFi 



'78 
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aa 



+ #-}-/= 1000. 



tf + — = 65. 



^ f^/er/ tf ^fadratU Epiation vjhm tbt Square p/ tbi unhmm 

^antity has a Co^ffficUnu 

58. But if the Square of the unknown Quantity has any 
CoHcfficient, then before you b^in to cm^t tbt Sfumriy di- 
vide erery Term in the Equation by diat Co-efficient» after 
which coflspleat the Square, and proceed aa before. 

Queftion 64. To find two Numbirs^ tbat tbo Sauan of tli 
grnttir being muUipUid by 4, // tbis Produtt is addid to 3 times 
tbe lifftTy tbe Sum may bt 1606 : 

But i/s timis tbi gnaw is addsd to 6 times tbt ieffir^ tbi Sutm 
may bi 11%. 

Let tf Z3 the greater Number, #= the l^kx Number, bz:;j^ 
ifxsj, 91S1606, ^ = 5, ;rs=:6, 2=ii2« 



I— i tf J 
4 • 6 



. y ^ X 



I 

2 

3 

4 






laj^j!z=ix\^^ *« Queftion. 



di:=zm'-^baa 

m^^b a a 

i s=: ■■ ..^.^ 




%xd 
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lO-^dz 



^79 



9 

10 

II 



dx^^dpa^zixm'-^ochaa 

xtaa^dz-'^dpaz:zxm 

xtaa^-^dpa^szxm^-^dz 



The Equation sqppeariiig to be ^uadratic^ and all the known 
Quantititt, except tbofe wbtcb contain the unknown one being 
on one Side of the Equation, divide by the C$'{ficiint qf the 
higheft Power of the unknown Quantity. 



,1^1 dp a xmi-^d 

II xo xb 



2 



To avoid the Trouble of dividing -|, the Co-efficient of a 

by 2, and fquaring the Quotient^ and adding it to both Sides of 
the Equation that the Square may be compjeated, as in the' for-^ 



Queftii 



.. . :\ 



By Subftitution 



13 f a 



I 



13 



»4 



tftf— r4= 



Tb 



i 



+ r r xm^^dz . r r 
4 ^* ^ 4 



Now extrading the fquare Root as in the laft Queftioiu 



14 ttti 2 



. r 



By the fitth Step 



15 

16 



17 



4f — 



T-^ xb +4 






,. iTm -^ d z , rr , r 

^ xb ^ 4 ^^ 2 

(=2Q, the greater Number* 

_ x---£a_^^ the lefler Number. 



PROOF. 
4^^ + 3#=i6o6 

Aa 2 



Qocftioii 



i8o 
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Queftion 65. Ttvo Ganujiiri^ A and S, loftng at the Gamh^ 
TahJes^ upon comparing thar Loffis founds that if the Spforg of 
what A loji %vai multiplied hy 5, and this Product added to 6 
times vfhat B loji^ the Sum was 548 Pounds : 
^*"But if what A lo^ was multiplied by 3, and to this ProduSf 
adding what B kft^ mubipUid hj 2» the Sum was, 46 Pwuds. T(9 
fnd the hfs of. each f 

Let tfssthe bfs of A, #=; tbe lobof Bt ;r = 5» ?i = 6^ 
^=548, *=;3, «=:7, rr=4$. 



I — * tf fl 

•» 

4.6 

7 >«« 

8 xz 

%J^%x a a 

io -^ rm 



I 

2 

3 

4 

5 
6 

7 

8 
9 

« 
II 






me^zd^^xaa 
d'^x a a 

z / = r — A tf 

e z= ■■ 

r "— h a d^^ 



rm^^mba 



X 4ti 



m 



z^d'^^xaa 



rm'-^mb acz% d-^zxaa 
7:xaaJ^rm'^mba::=izd 
zxad^-^mb a'zzz z 1/— ' r « 



The Equation being ^adratic^ and all thofc Terms which 
contain any Power of a being on one Side of the Equation, di- 
vide by the Co-cfiicicnt o( tbe bighcft jfower of the unknown 
KJuarititjr. 



ii-i-zx 


X2 


By Subftitutlon 


13 


13 r D 


14 



*m.1 ^ • 



aa^ 



m b a zd "^rm 



z X 



Z X 



m b 



me^pzz = — I . % 



aa 






d—r 



m 



zx 



<yi7-— 



^^4 zx ^4 

14 na 
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f^m 2 


15 

i6 


a «* • 4 


"+^ 


<! = • ^ 

(Pounds, 


+ «: + 4 = .» 
the Sum loft by A. 


^y thp fixth Step 


* 

17 


r — *tf c 


! Founds, the Sum 
(loft by B. 




PROOF, 




• 


5 


a A -(^ 6 / =: 548 





Queftion 66. Two Brothers^ A and B, trying nub otbtr^s SHU 
in yf/gdra, fays thi elieji BrotbiVy tbi Sum rfwr Jges is 45 : 

But fays thi youngejly if they an multipiied together ^ the ProAtll 
1; 500, What if tbe 4s^ rf ea$h of them ? 

Let a == the Age of the eldeft^ < = the As^ of the yoiuigeft» 

f5=45>/> = SOO. 



1 — / 

3-4 



2 
3 



J;^'r-*jBytlie<^ion, 



S 
6 



pip^se-r-ee 



Becaufe the S^uar^ of the unknown Quantity has the Sign 
therefore tranfpofe if, that the higheft Power ill the unknown 
buantity may have the affirmative Sign, 



64.^^ 

< 1 


7 


ee-^rp-szs^ 


l—p 


8 


«./ = i^---/k 


%-" 


9 


ee^se-s^^t 

^ S S IS 


Of D 


10 


ii^Si+ -7 = 77 


/ 


( 


1- ^- 4 4 



-* 



fOitfr 



i8a 
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lOiUf 2 



II + — 
^ 2 



By the third Step 



12 

'3 



II / =• p 



i = ^ +^'^ — i>= 2S, tbi Age rf 
* ^ {tbi youngeft. 

tf = i*-*tf=s20| tbi Jgi rf tb$ ildift. 



This Anfwer to the Queftion contains an Ahjurdiiy^ for / that 
is put for the Age of the younge/l Brother is 25, when a that is 
put for the Age of the tlJf/l Brother is only 20. 



The two Roots of ^miratU Equations explained. 

59. And now we (hall explain to the young Andlyft that erery 
Quadratic Equation has two Vahies for the unknown Quantity, 
and that of thefe two Values, or Roots, fometimes one is affir^ 
mativey and the other is negative^ and fometimes both the v a- 
lues are affirmative. 
V Tberd are three Perms of Quadratic Equations. 

The firft is the fixth Step of Queftion 58, where we have 

f / '-)- ^ ^ = HI • 

And of this Ferm are tiit Eqoatieiis at Queftion 59, Step 7. 
Queftion 60^ Step 9. Queftion 61^ Step 9, Queftion 62, 
Step 12. 

The fecond Firm is the twelfth Step of Queftion 63, where 
we have aa-'^zaszid^-^bm^. 

And of this Form are the Equations at Queftion 64, Step, ii«. 
Queftion 65, Step 13. 

The Dii&rence between Aefe two Forms of Quadratic Equa- 
tions is only in the loweft Power of the unknown Quantity, 
having the Sign -4- or -^, for in the firft Form it has the Sign 
^' it being 1 <, but in the fecond Form it has the Sign •— , for 
it is '^za. And if the bweft Power of the unknown Quan- 
tity has feveral Co-efficients conneded by the Signs -4- or — 9 
as at Queftion 62, Step i2. Queftion 63, Step 11. Then if 
the Sum of the pojitive^ or affirmative Co-efficients exceeds the 
Sum of the ^igfj/iv/ Co-efficients, the Equation is of the firft; 
Form : But, on the contrary, if the Sum of the negative Co- 
efficient exq^ds the Sum of the pofitivej or affirmative Co- 
efficients! then the Equation is of the fecond Form. 



But 
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But the third Form is the ninth Step of the laft Queftion» 
where we have a — si^^^-p, which differs from the other 
two Forms of Quadratic Equations, in this, that if the Side of 
the Equation which is known, confiib but of one Quantity as in 
the prefcnt Cafe, it has the Sign — , and if that Side of the 
Equation con&fts of feveral known Quantities connected by the 
Signs -I- or -?-, that then the Sum of the mgative Quantities 
are always greater than the Sum of the affirmative Quantities i 
but in the firft and fecond Form^ if there is but one known 
Quantity which compofes diat Side of the Equation it will al- 
ways have the affirfnativi Sign, and if there are feveral known 
Quantities conneded by the Signs + or — ^ that then the Sum 
of the affimrntht will always exceed the Sum of the negative 

Quantities. 

Now of the two Values, or Roots of ii in the firft and fecond 
Form of Quadratic Equations, one of the Values of a b affir-- 
maiiVij and the other u negative i and as the negative Value in 
thefe Equations does not come out in the Operation without a 
miftake in the Work, therefore thefe two Forms of Quadratic 
Equations give the true Numlierft required. 

But the two Values of a in the third Form^ are generally both 
affirmative^ and the Anfwer fometimes giving one, and fometimes 
the other Number, and it being doubtful in many Cafes which of 
thefe two Values of a will anfwer the Conditions of the Que- 
ftion ; this Form of Quadratic Equations is therefore called the 
Jmbigu9us Form* 

7be Nature of Divifion explained^ when the Quotient cmfiJIs of 
feveral Quantities connoted hy the Signs 4^ «r — • 

i 

6q. Before we (haw the Reaibn of thefe two Values of the 
unknown Quantity in Quadratic Equatiooa* and bow from faav- 
fflg ffHiod one Number, or Value, the Learner may £nd the 
gfihcT Number ; we buft explain the Divifion in Afgeira^ where 
d» Qsplieat confifis of feveral Q^tilies oonoeAed by the 
Signs -{-• and m^» 

.To render this dbe mote eafy to the Learner, let us refume 
Emmple I9 Attick a2, ivbere we are to divide ai-^am bf 
tf» ^wJhicfalidngvlac^ aa ttfiisil in conunoii Arttbmstic, thus. 



Now 



4 » 
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Now the Number of times a may be'' 
hU in tf ^ is bj that is, b is the Quotient 
of ab divided by a ; place b in the Quo- 
tient, and multiply it by a^ and place 
the Product a b as in common Diyifion, 
and fubftrading it from ab^am the 
Dividend, there renuins a m ; then find 
how many times a will go in am^ and 
it is m» that is, 01 is the Quotient ofam\ 
divided by tf, and becaufe the Signs of 
the Divifor «, and Dividend am are 
alike, therefore it muft be -(- m^ which 
being phced in the Quotient and ihulti- 
pUed by «, the ProduA'is am^ which 
placing under amy and fubfiraAing it 
from a m, there remains o. 

Hence the Quotient is ^ -{- nr. 

To divide xx^xtn-^xab by x. 

x) xx-^xm-^xah {xJ^m^ak 

XX 



a) ab+am (^4=4l 



ab 



^am 



^am 



xm^xab 
xm 



M 



xab 
xab 



Here dividing xxhj at, the Quotient is x^ which beitig placed 
in the Quotient, and multiplied by the Divifor a*, and placing 
the Produd x x linder the Dividend, from which it being fub- 
ftraded there remains xm^xab. 

Thai dividing xm by x^ the Quotient is m, or -f- m» for 
the Signs of xm and x are alike, put -f-m in the Quotient^ by 
which multiply the Divifor x, and put the Produd xm under 
xm'+'xab^ and fubftraAing, there remains xab. 

Then dividing xab by jr, the Quotient is ab^ or <4«aA, 
for the Signs of xab and x are alike, put -|- ^ ^ in the Quotient, 
by which m^jltiply the Divifor a*, and put the Prod ud xafi^ 
under xab, and fubftra£ting thcjre remains 0, henqp the Quo* 
ticnt h x^m^^ab. " 



T# 



-I* . „ » . 
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To divide x x^7,x a^aa by x^a. 
Jr + tf) xx^^^a^aa (jf + tf 



.A. 



X a^aa 
X a^^a a 

O 

Dividing jf x by x^ the Quotient is a^, by which q)ultip1yin{ 
the Divifor x-^a^ the ProduA is x x -\- x a^ which being placed 
under the Dividend and fubftradted, there remains x a-^aa. 

Then dividing xa by x^ the Quotient is ^, (V* 4"^* ^^'^ ^'^^ 
Signs of ATtf and a arealike, put -f-a in the Quotient, multi- 
plyihg it by the Divifor x-^a^ the Prod udl is xa^aa^ which 
put under the Remainder, or Dividend xa^aa, add fub- 
ilra£ling there remains o, hence the Quotient is x^a. 

To divide a a — i3 by a-^i» 

a -^t) a a — hb (a-^b 

— ab — bb 
^ab-^bb 



Dividing aaby a^ the Quotifeht is a^ which place in the Quo- 
tient, and multiply the Divifor by a^ which gives a a ^ a b^ 
this fubftraSed from the Dividend leaves — ab^^bb; for 
here the Quantity a by which is to be fubfini£led, is by the Rule 
for Subftradion to have its Sign changed and then addedj hence 
-f-tf ^ becomes in the Remainder — ab. 

Then dividing' -^^^ by a^ the Quotient is -^£« for the 
Signs oi ab ,and a are now unlike ; multiplying the Divifor 
« + *» by — by and fubftra£ting the Produd •-— fll — bb^ from 
the Remainder, or Dividend -^ab — bb^ there remains o^ 
hence the Quotient is 41 — b, 

Todivide aaa — 2aax-{-'iaxx — xxii by a^^x. 

M^^x) aaa'^'^aax'\''^axx'^xxx (aa — 2<rAf-f-*'«v 
aaa — aax 

•— 2 tf tf *• 4" 3 <* *•*•"'« ^ * 
^^laaX'^T.axx 



axx'-^xxx 
axx^^xxx 

O 

Bb 



In 
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In thefe Divifions we may at Pkafiirc take any Term in the 
Dividend, we have a Mind to ufe at iirft, and find how many 
times any Term in the Divifor can be had in it, and when the 
Divifor is multiplied ky the Quotient Quantity, we AibftraA it 
from the whole Dividend, that is, take any Term in the ProduAf 
from any Term in thb Dividend, without regarding whether 
they ftand immediately over one another or no. < 

And to difcover how many times any one Quantity can be 
had in another, we aflt only to confider bto what Quantities we 
muft multiply that Term in the Divifor, to make it the fame 
with the Term in the Dividend, at which we ask the Quefiion. 
Or, it is no more than to find the Quotient which arifes from 
dividing that particular Quantity in theDividend, by the Quan- 
tity in the Divifor, which is done by the Rufes m Divifioiu 
Let us take the lall Example and change the Pofition of the 
Quantities, 

— -jrjfjp -|. axx ., 

aaa^l^xx'^^aax 
aaa -^ aax 



2axx''^2aax 
^axx^-^zaax 



o 
where we have the fame Q«otient as before. 

The Truth of ibefe Operations is proved as ia Divifios tii 
common Numbers, for if die Work is tnie the Qootkot beiag 
multiplied by the Divifor, thePKxkia wiB be the gimi 
thus in the hft Example^ 

» 

xX'^aa — 2ax is the Quotient* 



'XXX — aax+2axx the ProduA, from multiplying A'jr4.tf« 

•— itfjif, by ^— ;r. 
^xx^aa—zaax the Produd, from mvWpIjiiig xx 

"f-<»tf — 2ii^ by «• 



. — f.^f — 3«^*+3**'-M«^ the tmc with the given Di- 
vidend, for though they do not fland in the fame Pofitioa as 
m the ExampFe, yet as the Quantities in eadi Term are 
alike, and they have, the fame Co-effiticnts, and conneded by 
the fame Signs, their ^vhole^ Value, or Amount, muft be the fame. 



Tbi 
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Tii JUamur tf finUng the two RntSf mr. Values^ tf tb< unimwn 
Quantity ^ in ^adratic Equations^ ufumid. 

61 • And t» find the other Value of a^ in the Ambiguout Qua- 
dratic Eqiiation* Queftion 66. 

Take the Woik at the Step ioimediately before you begin to 
€9m^gat the Sfuan^ which is at the ninth Step, where the Equa- 
tion is - - - - 4 0''^s iz^ — ^ 

Make this Equation equal to mtbinr^ \ ■ ^ ^ 

by tranfpofing) . - - \ "-"+^ = 

Then put it in Numbers, and it is ««— 45 ^H- 500 = 

Bv the Work we found - - ^='25 

Make this Equatio 
poling the 25, thus. 



Bv the Work we found - - ^='25 

Make this Equatiofi equal to n$tbing^ by tranf- \ _ or — 6 
rfing the 25, thus, • - -j'^S — 



Then divide ^^-^45/^500 by t — 25, thus, 

#—-25) ti — 45^ + 500 (# — 20 
# # -— 25 # 

— 20ip-H5OO 

— 20 # 4- 500 



Henee the Quotient i$ / — 20, but as the Dividend is netbing^ 
tor a — 45«+500s=o as above; and as tbeDivifor /.— 25 
is notbingy for i — 25 = o as above, it follows that the Quotient 
muft he notbingy or equal to notbingy that is, / — - 20 =: o ; then 
tranipoftng 20, we have i =: 20, which is the other Value of r, 
in this Quadratic Ambiguous Equation, therefore, I fay they^tt^^- 
ffi Brother was but 20 Years of Age. 

And upon this Value of #, if we take the third Step of the 
Work to the Queftion, that is, 11 =: j — * #, we (ball find is =1 25, 
whence the eldiji Brother was 25 Years of Age, and thefe are 
the true Ages of the two Brothers ; for their Ages anfwer the 
Conditions of ,the Queftion, and it is a poffible Cafe, whereas 
though the other Numbers anfwered the Conditions of the Que- 
ftions, yet it was impoffible for the youngeft Brother to be 2j|» 
when the eldeft was but 20 Yean old; 

Bb » Now 
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Now in the firft Cafe, or by the Work of the Que- I ^ _ j- 

ftion we found - - - - I . ^ 

But now we have found - • . ^ = 20 

The Sum of thcfc two Values of /, is - - - . 45 

But obfcrving where we put this Quadratic Equation into 
Numbers, and made it equal to nothing,, we Ihall find the Co- 
efficient of the firft Power of t to be — 45, but the Sum of the 
two Values of / is -{-45, as above, and concerning thcfe ^«tf- 
dratic Equations, Jlgebraifls give us this 

S C H O L I U M.* 

62. That in Quadratic Equations thi Sum of both the Roots^ 
or Values of the unknown ^autity^ is equal to the Co-efficient 
of the loweji Power of the unknown ^arftity ; But the Sum 
cf thefe two Values of the unknown ^antity will have the con- 
irary ^ign to the Co- efficient of the lowe/i Power of the unknown 
^antity, at the Step immediately preceeding the compleating the 
Square ; that is, if the Co-efficient of the loWeft Poyver of the 
unknown Quantity has the Sign -|-> the Sum of both the Roots 
will be the fame as the Co-efficient, but will have the Sign — . 

And if the Co-efficient of the loweft Power of the unknown 
Quantity has the Sign — , that then the Suip of both the Roots, 
or Values, will be the fame as the Co-efficient, but will have the 
Sign +. 

^ Therofore having found any one Root, the other is eafily 
found. 

63. To find the other Value of the unknown Quantity in the firft 
Form of^adratic Equations ^ or where the Co-efficient of the low^ 
eft Power of the unknown ^antity has the Sign -f-> it is done 
by adding the Value of the unknown ^antity^ found from the 
Operation to the Co-efficient of the hweft Power of the unkmvi^ 
^^»'^(y* ^»^ *o their Sum prefix the Sign — . 



10 



Thus, at Queftion 58, Step 6, the Co- efficient of e^ 1 
IS ^, or - . . - . \ 

To which adding the Value of /, as found by that ? 
Pperatioii ^'--'l- . - . 5 5 

JheSumi? - . ^ . ^ . - 15 ' 

An4 
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And prefixing to this 15 the Sign *-, their the other Value 
of / is -i- 15, that is, ^ = —15, which is an imaginary Va- 
lue of iy it being abfurd for a pofitivi Quantity to be equal to a 
mgativi one. 

I^owever we (hall find this imaginary Value of /, if we pro* 
ceed by Divifion according to the Diredlions at Art 61. 

For the fixth Step,' Queftion 58, is that which immediate* 
I7 proceeds the compleating the Square, where the Equation 
is - - - - - ii-^bi^zm 

Which is in Numbers - - - //+^0' = 7S 

Tranfpofe 75, to make the Equation I , ^ , ,^ 
equal to !^/&-«i . . \ • J ^^ + io.~75 = o 

By the Work we found - - - - * =^ S 
Tranfpofe 5, to make this Equation equal to nothing « -— 5 = o 

Then dividing ^^+10/— 75 by / — 5 

g — ^),e+lOi—^s{i^lS^ 
f^— S^ 

15/ — 75 
15^ — 75 



Hence the Quotient is /+ 15» but as the Dividend is equal 
to nothings for //-f-io« — 75 = 0, and as the Divifor e — 5 
is equal to nothings for / — 5 = as above, confequently the 
Quotient muft be equal to nothings that is, ^+15=0, bjr 
tranfpofing the 15, we have /= — 15 as before. 

For another Example of this kind takeQuefliiln 59, where 
the feventh Step is that which immediately preceeds the corn- 
pleating the Square, where the Equation is ^#4-»f«=s;r— «^^ 
which being put in Numbers is • - ^#-|*^^=''^ 

By tranfpofing ii^i, to make the Equa- 7 ^ _ 

tion equal to mtbtng^ we have - • 1 *^ "" " 

By the Work it was found - - - - /== 8 
Tranfpofing 8, to make the Equation eqi^l to 7 .^ o ^ 
potbingy we have - - - - -i^ ^ 

/Vod diyi^ing to find the other Root of /, ai before. 

*^8 



J 
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# — 8) #^ + 6#— 112 (/4-X4 



»M« 



14/ — ttz 

o 

Ifcnee the Quotient b 0+14^ which for the fame Reafqti as 
before, it it # + 14 = 09 hcace #=s — 14^ for the other Va« 

lue of #/ 

Aad tbif Value of # wffl be fcitnd bj the Role Art. 62. 



Thus St Queftion 59, Step 7, the Co-efficient of < 1 ^ 
ism, or • - - - -- - 5 

To whidi adding the Value of /, feand it die I g 
Operation - • - - - • • S 

The Sum is • 14 

Then by the Rule prefixing the Sign — to 14, we hare 
— -14 for the other, or imaginary Vadue of #, the lame as 
before. 

And if we add thefe two Values of i together, we fliall find 
their Sum anfwer to the Scheliumy Art. 62. 

The firft Value of # is - - * 8 

The ftcond Value of # is - • - — 14 



— 6 

Hence their Sum is the fame with the Co-efident of #, 
but. has the ii>ntrary Sign. 

If the Reader has a Mind to perfiie this Speculation any further, 
be may try Quisftion 60, Step 9. Queftion 61, Step. 9. Que* 
ftton 62, Step 12, or 13, which are Equations of this firft Foroit 
as wcU as fome that follow them. 

V 

64. Tfi find ibi nher Valui rf ihi unknown ^aniitf in tb$ 
Second Form of ^joadratic^ Equations ; 

Which is when the Co-efficient of the loweft Power of the 
unknown Quantity has the Siga*-; in this Qak fn^flraif iba 
Co'ffficiint of thi loweft Power of the unknown Quantity in tba 
given Epiatiouy at the Step immediately freceeding^ the compleating 
the SfuarOf from tbo Value of th$ unknown ^antity found by tba 



Of Quadratic E qjj at i o n s. 191 

ffWk, to iii Rmmnder fnpe iii Sign — , gmd it mil ht the 

9tber Value of the unknmm ^antiiy^ Or pla£i ioum ihi C#- 
^ient mtb its Sign — *, io which add the Valui of the unknoiwn 
^anthy faund ly tbt TVork^ and to this Sum prtfix iii Sfgm -*-, 
and it wih hi tht other Valuiy or Root of tbo wUnown Quantity. 

An Equation of this fecond F^m is Step 12^ Qucftion 639 
viberewehare aa^-^za;^hd'^6mx. 

Here the Co-efficieot of a^ is — x^ or ^ - — 2S 
And the Value of a found In that Equation ^ ■ » ^^6o 

The Sum is 3S9 but to it prefix tht Sign -^» and 1 
it is — 32, the other Value of a^ which is imaginary ^ 32 
as it has the Sign —.--•--! 

' And if we proceed by Divifion according to the DiitAioiis at 
Art. 61. we (hall find this imaginary Value of ii. 

T^s if we take the twelfth Step of Queftion 63^ which 

inunediately pieceeds compteating the Square, we have this 

Equation ... aa'^za:=ihd-'^imtt 

Which being put in Numbers \s n « a -— 28 tf = 1920 

Tranfpofing iq2o to make the£*l ^^ ^«^ ,^^^ ^ 

By the Work it was found - - -» ^ s: 60 
Tranfpofe 60 to make the Equation equal to 1 ^ ^^ 
nothing . . . . . I ^-60 = 

And dividing to &u| the other Root of « as before* 

a — 60) tftf-—28«—- 1/920 (« + 32 
a a ^^60 a 

32 « — 1920 

32il-^I920 



Hence the Quotient is 4+32, which becaufq the Dividend 
and DiVifor are each 4qual to nothings conlequently the Quotient 
nuift he equal to nothings henee * a 4^ 32 = o 

fijr tranfpofing 32, we have - - - <i = -*329llie lame 
imaginary Value of ^> as was found before. 



And 
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And if we add thefe two Values of a together, we (hall find 
their Sum agree with the Scholium Art. ^2. 

" The Value of ^ found by the Operation, Queftion 63, is 66 
ThCfcValue of a nwv found is - - - — 32 

Sum is 28, or 4- ^^9 ^he fame Number as the Co- 7 ^ 

efficient of tf , but with a contrary Sign ^ - j 

Another Equation of this fecond Form is Queftion 6^, 

Step 13, ^herc the Equation is a a^^pa z=z -* 

Which l^ng put into Numbers is . «- a a — 1.8 a = 82 
Tranfpofing 82 to make the Equation J ^ , © ^ o^ 

By the Work it was found - - - azuio 
. Tranfpofing 10 to make the Equation equal to 1 

mtbifig ..... -^ . J ^-10 = 

And dividing to find the other Value of ay as before, 

<?— 10) aa — i.8tf — 82 (^4^8.2 

a a T^ 10. a . » 

^> . - 8.2 tf — 82 

8.2^: — 82 



Bence the Quotient is ^ 4. 8.2 which muft be equal to nothingy 
for the Dividend and Divifor are each equal to nothings but if 

tf^. 8.2 = 0. 

By tranfpofing 8.2, we have a^ — 8.2 which is the other 
Value of tf, and it is imaginary becapfc it has the Sign *— . 

The fame imaginary Value of a may be found by Art. 64, 
thus. 

The Co-efficient of tf, is . . - —1.8 

The Value of a found by the Queftion, is - . 10. ' 

^ The Sum is - - - i.z 

Now to this 8.2 prefix the Sign — , and we have — S.Jt for 
the imaginary Valiic of j, the fame as before. 

And 
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And if thefe two Vahies of a are added together^ this Sum 
will agree with the SchoUum^ Art 62. 

^The firft Value of tf, is - - - 10, 

The (econd Value of tf, is - <^ — 8.2 



Sum - - - • - 1,8 

But the Co-efficient of ^^ is "^^ 1.8 

65. But in th^ ambiguous^ or. 

Third Form of Quadratic Equation^, 

. ^ 1/ the Value of the unknown ^antity^ found by the OperatUn^ 
is fubjirafied from the Co-efficient of its lowejl Power ^ at the Ste^ 
immediately before the Square is compleated^ the Co-efficient being 
fuppofed affirmative^ the Remainder is its other Value. 

At Queftion 66, Step 9, the Co-efficient of # is /, or 45 
. The Value of #, found by the Operation, is - ^5 



The Remainder is the other Value of / - • 20 

And it is this fecond Value of / that is th£ true anfwer to 
the Queftion, as was obferved before Page 187 ; and here the 
Learner may again obferve that both the Values in this Cafe ace 
affirmative^ which makes this be called the ambiguous Cafe, but 
in the other two preceeding Cafes, or in the four former Exam- 
ples, the other Value of the unknown Quantity was negative^ 
which is only an imaginary Value, it being impoffible for an 
fffirmativey or pofitive Quantity, which the Q^eAion requires^ 
to be a negative^ or equal to a negative Qtiantity. 

But we may find the other Value of >, in this ambiguous Cafe, 
by Divifion, as in the former Inftances, thus. 

The Equation Queftion 66, Step 9, 1 
immediately before the Square was com- r /#— -j/si— ^ 
pleated, is - - - - 3 

Which being put in Numbers is - ## — 45#=: — 500 

Tranfpofing the 500, to make the I ^ ^ ^ • ^^^ ^ ^ 

Equation^ to M'«^ - J r*-45.* + 500 = 

By the Work it was found - - if = 25 

Tranfpofing ^5, tO; make the Equation equal to | oi* — « 
Mbing . ^ - - .J'~*5-o 

C c A»d 
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And dividing to find the other Value, or Rdot tt h ^ 
before. 



^-.15) r#— 45^+500 {i 

-25/ 



— ao 



r# 



— 2or + soo 

— zof+soo 



Hence the Quotient is #— 20, which muft be eqpl to iw* 
/ii)i^, for the reafon in the former Cafes, but if - r — 20 = a 

Tranfpofing 20, we have - • ^ = 20 the 

other Value of #, the fame as before. ,r t e 

And in this amhigums Cafe, if we add the two Values of # 
together, we (hall find them agree with what is faid at tho 
Scholium^ Art. 62. 



The firft Value of #, is 
The fecond Value of €% is 

But the Co-efficient of ^ is — 45. 



20 



45 



7bi Mofimr rf iKfnffing iU Rstis ^ an amUgum ^n§drmHc 

Ejuatkn ixpbnmJ* 

66. Now to explain the ufual Manner in which AlgAraifis 
expreis the Value of the unknown Quantity, in the amtiguous 
Quadratic Equation ; let us refume the fohinoa of Queftion 66, 
ai the efg^ Step, where there is this 



Equation 

2C D 



3«ta 



I 
2 



4 + i[s 



it 
€i 







-r-^P 



TtaC 
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Tint Ut prtfit ^ ^ Signs + and — , te the ,^mnt!tf tmdtr 
$ii radical Sign^ fir that hing aii$i U — , $r th rathnal ^oft* 

4m 

titiis en ibat Sidi rf tU Efuatimy gives one of tbi Fabas §f /» 
kti if it is fyhftra&id fi^nn --, er ibt ratianal ^uaniitits m that 
Sidi rf tbf Bfs^tim^ tbm it givis tbi oibftt Fabu $/ i^ tbusw 

j = 45 



225 
180 



4> 2025 = X J 



m 



506.25= — 



•»> = Soo- 



6.25= -J- ---#(2.5 =; • -. ^p 

4-4 



45) "5 
225 



Then to find the two Values,, or Roots of #« 




25.0 = on$ (|f the Values of #« 




20. the other Value of/, wfakb two Valuei 

fC.f «re the toe an wa9 found at Art. 6i. 
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And this is the common Method, in which Algehralfts fet 
down^ or exprefs the Value of the unknown Quantity, in the 
amhiguous Quadratic Equation. 

The reafon of Quadratic Equations having two diSeroit Va« 
lues of the fame unknown Quantity, is becaufe the fame Qua- 
dratic Equation can be formed from two difierent Suppofitions, 
or Values of thp unknown Quantity, or fuppofing the fame un* 
known QuanUty to be equal to two different Numbers. 

For let us refume the Equation ee — j^=:— ^, or f/— 45* 
=1 500, in this ambiguous Equation we found the 6rft Value of 
/, to be 25, by making e equal to 25, we have 



1 ©• 2 

Multiplying the firft"^ 
Equation by — 45, the / 
Co-efficient of /, in the | 
given Equation. - J 

2 + 3 



I 
2 






?5 



// — 45/ = -^50o, the famp 
with the given Quadratic £- 
quation. 



And if we take the other Value of Cy viz. 20, we can form 
the given £i|uation, for ' • ^> 



Let 
1^2 

efficient of /, in ther 
[nation. - - J 

a + 3 



given Efiation. 



I 
2 

3 

4 



/ = 20 
/ / = 400 

— 45 / = — 900 



# #-7 45 # = — 500, the fame? 
with the given Quadratic £- 
qujition. 

Lftewifc; if y^t take the $ttt Form of Quadratic Equations, 
viz. ei+'bezzzm^ 6t ei'^iOizziySf fee Queftion 58, Step6» 
Now the two Values of e in this Equation we found to be 5, 
and -— 15, and from either of thefe Vahiea. of 4 we can forn^ 
jtfae given Quadratic Equation, fuppofe ' 



f^2 



9 l/«s=;25 



t I 't 



.' ^ 



"I? 



Of Quadratic Eqjj atjons. 

I X To the Co-cffiO 



^97 



cieot of ij in the given V 
Equation. ^ ^ - 3 

a + 3 



Again^ fuppofe 



I X fo ^ above 
2 + 3 



3 10 # = 50 



4 I If If -f. 10^ = 75; the (ame with 
the given Quadratic Equation. 



I 
2 



3 

4 



/ = — .15 

If # = 225, for — 15 X — 15 

:=: ^ 225, the Signs beii^ a- 

Uke. 

10 # =: — 150 

^/-f 10^=75, the fame Equa- 
tion as before. 



And if we take the fecond ^orm of Quadratic Equations, viz. 
aa — zazxbd — hmx, or aa — 28« = i92o, fee Queftion 
63, Step 12. The two Values of a in this Equation we have 
found to be 6oj and — 32, from either of which we can form 
the given Equation, for 



Suppofe 
I O' 2 
IX — 28 the Co- 
efficient of tf, in the 
given Equation. - - 

? + 3 



\ 



Again, if 

I 0>' 2 



^ jjj — 28 the Co- 1 

icicnt of a, as above. 3 



^cient 



2 + 3 



I 

2 



a = 60 
a a zs: 3600 

— 28 4J = — 1680 

i7 19 -— 28 tf = 1920, the lame 
with the given Equation. 

« = '— 32 

40=3=1024, for— 32x — 3^ 
= -|^ 1024. 

— 280=^896, for .«.28x^-*3!| 
= +896. 

a a — 28 ^ =5 1920, the fiimft 
with the given Equation. 



From this the Learner may obferve, that maiing tbi unknwtm 
Quantity iqufil to eitbir rf its VahiSy and raiftng this Efuatipn 
tbi Squan^ and adding it to thifrrnur Equation^ aftit it has bam 
muUiplied by tbi Co-ifficiint of tbi Uwift Powir of tbi uninowm 
^^Montity in tbe ^drati^ Equation^ ibis Sum mil b$ tbe givm 
^^jfodratk Eptatiof^^ 

QueftitiH 



X9« 



ALGEBRA. 



Queftion 67. Ttcw Men^ A and B, dt/emrfi^g dfihitr Siitttngs^ 
A mo bad tbi gnat^ Numier faid if mf Nuniir §f SKUiags is 
dhidid ty your*Sy and this Quotient is addid fy your Numktr tf 
Sbillingh tbi Sum will hi 15 : 

Jhur if ibi Sum (f tab tur SbilUngs is muhipliid by 4, and 
ibis Produdf divided by 10^ tbi ^otitnt will bi 22, HiW many 
SbilUngs bad iacb Perfin f 

Let tfss; the Number of SbilUngs A had, or the greateft 
Numbert # = the Number of Shillings B had, i = I5> m = ^ 

1155:10, d^2%. 






Then 
Aad 

1 K ^ 

2 X If 

5 — Iff/ 

4 • 7 
8 X w 

10 — J« 
Xl-^ms i 



3 

4 

5 
6 

7 
8 



a -^4 i s=zs i 
a = s i — / / 

ma^mezzzdn 

m azzd B'-^me 

d n^^m i 
a-zz ■ ■ ■ — » 



the Q{ieftiQiu 



12 



m 
d n^'^ m4 



XZSi'^ii 



dn"^miz:imsi''^mi$ 
10 \mii^dn'-^mi::zm Si 
II 



mn'^messimsi^^dn 
ma — miT^ms i'sz'^dtt 



Here the EcJUation appears to be Quadratic and of the atiiU^ 
Spmu Jond^ hecaufis 4f » the koawa Side of the Equation ba^ the 
nigaiivi Sign. Then hj Art. 579 dividing by m, the Co-efficient 



12 



-J- ml 13] #/—#-— j/ss— — . For m being 

In every Terih on one Side of the Equation, dividing th«t part 
t>f the £<]uation by m; is only to caft away m, out of «wry 
Term of tfaat'^ide of liie Equation, and place it aa a Dttiomi* 
tmtor to the odierSideof the Equation, it not being in that Term. 
The Equation being now prepared for em^ofing 4bi Sfuafr^ 
and the firft Power of i being in two Termsj vit* ^^t^^sM^ 
Vfhok Co^efficiejits arp «— i, and «-->/j^ 

Therefore 



I 

I 



Of Qttadrfttic Eqj7Ation8< 



Theitfore 
Subftittttion 

14^ a 

16 + — 



«4 

16 
17 



SubftitHte -^x = — 'X— •/, then by 
"" m 

^^ 4 ~ 4 . m 






4 m 

(Chit u» 4 is cither 5» or ii. 

And if # IS 5, by the fourth Step» welhall find '^=509 which 
two Numbers^ of ShiKng^ anfwtrs the Conditu>ns of the Quer- 
flion; or, if we fuppofe #sii, then by the foarth Step we 
fliall find a =: 44, which two Numbers will like wife anfwer the 
Conditions of the Queftions, tnd in thefe ambiguous Equations 
this kind of double Anfwer is owing to the Poffibility of having 
the fame Condufion from diiBerent Numbers : Thus, 



44*2 = 6 

I0x4_ 



8 



= S 



And I 4- 5 S3 6 
*S 5c 4 __ 



where the Learner may obferve that the fame Conckiffions follow 
though ifce Numbers difier : But ibmettmes one of the NrnDben, 
or Roots, of thefe ambiguous Equations will not anfwer all the 
Conditions of the Queftion^ as at Qneftion 72^ and then the 

othpr Root muft be found. 

» 

Queflion 68* Tw$ Merchants^ A and 'By bad gained in Trade, 
ht A, who bad gained the moft^ founds that if ibe Sptan rf 
wbat be bad gained was multiplied iy 2, and this Pr^ulf added 
to 8 times wbat B bad gained^ if tbis Sum unas divided if 4, tbi 
^otient was 816 Pounds: 

But if 3 timis wbat A had gained was added to 10 times wbat 
B bad gained^ and tbis Sum divided iy 40, tbe Quotient was 5 
Pounds. How nun^ Pounds had eatb Man gained f 



Pat a = the Pbunds g^ned by A, ^ = 



the Pounds gained by 
: 3, a = 10, r = 40, 



t xaa 



ao6 



>ji L G E B R ^, 

xaO'^fnt . "1 

r J 



2 X r 

8.5 

9 X z 
JO X m 



3 

4 

5 
6 
7 
8 



the Queftion* 



lO 

II 



X a a '\' mt =^p d 
m i =^ d — X a a 
p d'^xa a 

b a -^zi — r n 

ze ssrH'-^ b a 

_^ ru'^ba 

rti'^ba pd^^xaa 



rn-^^ba:=. 



m 



zp d'-^zxaa 



m 



mrn''^mba=^zpd'^zxaa 



Tranfpofe zxaa^ that the higheft Power of the unknown 
Quantity mJiy ha?c the Sign 4-. 

ii-4-z«tftf| l^\zxa a + mrn^-^mbazi^zpd 
12 — »ir»l I'^x z X a a ^^ m b a =^ z p d "-^ m rn 

The Equation now appears to be quadratic, but to know if 
it is ambiguous J find which Quantity is greateft zpd^ or mrn^ 
but zpd is 326409 and mm is only 1600, hence zp d — mm 
1^:32640—1600 = 31040, which having the Sign 4-, or be- 
ing an affirmative Number, the Equation is not ambiguous^ 
by Art. 59. And becaufe the Square of the unknown Quantity 
has a Co-effident, therefore, by Art. 57, 



l3-^«A• 



Suhftitution 



ISC o 



'4 



16 



mba ^^ zpd"^ 



mm 



zx 



zx 



m b 



Subftitute — A = — '-^^ then bv 

zx r 



-h.^ Ill 



aa'^ba:si 



mm 



zx 



a a* 



, ^ bh zpd-^mrn , bb 
^ba^ — = ■ ■ ■ + — 

4 »* 4 



16 



l6 toi 2 

17-1 

' ' 2 



Bj the eighth Step 



Of Quadratic E qjj at i o n si 

h .■^pd — m.rn 



17 



18 



»9 



sot 

Tb 



%X 






-^^^mrn ^ h h b 

L — : + T- 

XX • 4 ' 2 

(= 40, the Pounds gained by A. 

g ;-s I ~ . = 8, the t'ounds gained 
« (byB^ 



C^cftion 69. J Father iy bis TFilU hft his two Sons A and B> 
a Portion^ wbertof A had the greateft fortune \ and if the Square 
of the Number of Pounds he was to have^ be multiplied by 2, and 
to this Product there is added the Number of Pounds B Was to have 
fnultiplied by J5, the Sum is 6400 Pounds : 

But if the Number of Pottnds A was to have be multiplied by 
ao, and this Produ^f added to the Nurtiber of Pounds B was to 
have when muhiplied by 15, the Sum ii 1 600 Pounds. To find 
the Fortune of each ? 

Let a = the Fortune of A, * = the Fortune of B, * = %t 
« = 3S> rf ac 6400, ^=20^ 2 =s 15, r = i6oo. 





1 


• 


a 


l--xaa 


3 


S-i-"' 


4 


l — ba 


5 


5-i-» 


6 


4. 6 


7 


7 X « 


8 


8 x;b 


9 



X a a 
baJ^ 



^me = ^ifiy the Qgefliojtt, 



me'=. d''^ X a a 
d'^ X a a 



m 



r^^b a 



e 

r 



ba d-^^x a a 



z 



m 



r — b a::=, 



% d^-^% X a tl 



navmmtlm 



m 



mr*'^mba'is=.%4'^^9(aa 



TraUfpolb %xau becaufe the hlgh^ft I^ower of a may be 
effirmative. 

9 -f*»jr tf tf 1 10 Vx^iia^inr^^^m b a^zzd 
10-— /»r 1 III z X et a^--^ m b a sa z d-^mr 



Dd 



The 



204 Ji L O & B ft A 

' The Equation no«r appears to be fuadraiicf and to know tf 
it is ambiguous^ find what z i and m ^ arf tn t^ombers. But 

Md w r = 96000 — 5 6000 = 400bo, ^ pcfitive Quantity, 

whence the Equation is not amb^iMs by Art. 59* And becaure 
the Square o( the noiuiowa Quantity lias a Co<fficient> there^ 
fov by Art. 58. 



II -r»* 


12 


Subftittttton 


»3 


13/D 


14 


14 utt 2 


15 


. b 


16 



a a '^^ 



%x 



HI j 



Sabftitute -**=;;:—— then by 



tf tf— Atf-f* 



ifti» 



2 X 
Z 



2 AT 4 



Ij ■!■! I I 



A ^^ d "^ mr \ Ff 

2 JSJr 



^/£^i — «» r ' b h . A 

«y ^^ 4 ^^ 2 

ss 49.9999, &f. bccaufe of tihe Iinperfe£Boii x^ the D«&inl 
FradUon. The true Number being 50, from which by 

17 1 ^=3 1-^.^ — ^'=©41). 



Queftion 70. ^^tf/ are (bofi two NifMefif^ ikti tbi Quotient 
^ibi greater being divided fy Sn ^>*4 «4/f^ tfi thfliffk^ tbis Sum 
may he 12 : 

But the Preduet $f tbe tm Nwitkts ijMid^d fy 4^ tbe ^otient 
iV 40. 

K ' 

Put tf =: the greater Number9 e s: the Ie|er Number, /nr=5t 



2 x rf 



3 
4 
5 



QucilMi 



a essdx 



5^> 



Of Qgadrntic B c^^jiJ AT I o N si jqj 



4.6 

7 X r 

8 + m ^# 
9 — ^A- 

10 — w^ / 



7 

8 

9 

II 



i ^ 

da ^skmp e^'^m i $ 

m e i zn m p § 'i^ d x 
tmei'^mpe^'^djc 



Here the Equation not only appeara quadratic but ambigueuif 
for dx^ the known Side of the Eqji^ationy is mgativi. Npw 
by Art 58. 

d^ 



II ^m 

12 c n 

H + 4 



The fixth Stq> 



12 



*3 



'4 



ffi 



*«-»A«+ 



>/« 



,«l=s,v<^ 



4 m 



dx 
m 



6 ± 2, 



2 4 

^ 4 ^ 

tliat is, e is either S, or 4: But if 

■« = 3> then by 

dx 
16 <f =25: — =a to. Or if I =: 4, then 

b anivira tbe Qijuoftion, the Reifon of 
whiGb Af Queflion 67. 




^ 4) aiul Ms ad4id to tit Ntimiar tf^Pc^ndi B Ijfi dhidid by 2, 
tbi Sum is 9 P9unds : 

B^t tf ilki Brodua ff $hf ^umhr tf Posm4s wihftb t^ is di* 
vided iy io» and ixtraffing tbt'/quan Root of this Quotient i$ 
unit bo 4. Hsw muck 3fd oacb Pirjom lofif 

Let tf s the Number of Pounds loft by A, / =: the Number 
6f Pounili loft by B, ^ ss 4, i/sa 2, m =: 9, ^ = xo, the Num-- 
ber 4 being in the firft Part of the Quoftion, and being again re» 
fm^ ydu n«ed not pRt any new Lettei for it. 



Dd t 



l# 



ft04 



Ji I G B B R ^' 

• • • • J 

b ^ d 



the Queftion^ 



3 X* 

S ^P 

6^e 



4 • 7 

8 x^i 

g X d 



II + *< 



3 

4 

5 
6 

7 
S 

9 

10 

II 



a t 



tf tf 



= «* 



14 r D 



12 

14 



/ "^ d 

b e i 
pb b = b mi*^ — ~ 

dpbb=dbme-^b a 

Dividing by^ by Art. 5 J. 

d p b^szd m ^~ * * 

To have the highcft Power of e affirm 

mativey tranfpofe r/« 
it^dpbz^dma 
e i ^z d m t--^ dp b 
e i ^^dm e =s — y/^ b 
Here the Equation appears fuadratiCf 

and ambiguous. 



IS Ml 2 

t6 + -2-^ 

2 



IS 



j6 






dm 



ddtnm mmdd 



4 . 4 

^^mrndd , , 



-«/?* 



that is, e is either 8, 01 1O9 whence by the fpurtb». 0| feventb 
Steps, we (ball iind 4 ^ 20, or i6, 

Queftion 72. 7« tbi RigbUangUd triangle ABC /A^^ is given 
iie Hyfotbenufe A C=: ip, and t be Sum of the Baje AB and 
Perpendicular B C ?=; 14. To find the Bafe A B and Perpev^^ 
eUeular B C i See Figure, Page 2o6» 



f 



Of Quadratic E Qjff at i o Nsi z^^ 

LctAC = *=io, AB + BC = J=i4, AB=:ii; and 
bccaufe A B -f. B C = ^, therefore from this fubftra&ing A B^ 
or a, wc have BC = rf— <i. 

Having expitfled all the Sides of the Figure in Symbolsy ^4 
there being only one unknown Quantity, we aie only to raiiSi 
one Equation from the Property of the Figure ; and the Triangle 
ABC being right-angled, we have by 47 # i the Square of the 
Hypot)ienu(e AC, or b k, equal to the Square of the fiaf^ A B, 
or a tf, added to the Square of the Perpendicular B Cj^ or 44 



In Symbols j i ji*=:;</rf— '2rftf + 2 



a a 
id 



Here the Equation appeirs quadrqiicj and becaufe dd h 
greater then ^^ it is like wife ambiguous^ for bb^-^ddzzijoo 
— 196 =z -— 96 a negativi Quantity, but becaufe the Square qT 
the unknown Quantity has a Co-efficient therefore divide by it 
b^ Art, 58. 



2-^2 



3r p 



4 110 2 

5 + 1 



3 

4 
5 
6 



tfo— ifa= 



bb—dd 



J , dd dd . bb 

<?tf — «tf -J- — xsz — • -J- ■ 

T" ^ 2 



dd 



a^ 2-=V 



bb^dd 



4 ' 2 

d ,ydd. bb—dd 

from whence the Bafe AB may be either 8, or 6; fuppofing 
the Bafe 8) thei^ becaufe by the Queftion the Sum of the Bafe 
and Perpendicular is 14, the Perpendicular B C will be 6, but 
if we fuppofe f he Bafe to be 6, then from the fame reafoning the 
Perpendicular B C will be 8. 

And the Queftion not limiting which is longeft, either the 
Bafe A B, orPerpendicular B C, we may take either 6, or 8, 
for the length of the Bafe A B, for either will anfwer the Con- 
ditions of the Queftion. 

But if the QueftioQ had f<}id that t)ie Bafe A Bf is longer 

' ' d 

then the Perpendicular 3 Cj then we muft take ^ =;: -r 

2 



U.^ a + ^^~^^ s:8> by which we (hall find thePerpep- 
"^ • 4 ^ 

; dicqlat 



466 



AL O E BRA 




r BCs6 ;, fi»r if we takc47 

c= 69 then we fliaU find the Perpendicular B C 3= 8, which can- 
not be, becaufe the C^eftion is fuppo/ed to determine the Qafe 
A B> tp be longer than the Perpendicular B C. 

Queftion 73. iS» 4^/ right-qi$fle4 
T^iangU A^C thir^ is glwi thi 
tfypot^btmfe A C =?; io»^ ibc Pivpeti^ 
diatlar B C ieing Jh^ter thpt, (4c 
Bi^e A B. *y fi^minf ik* Ptr- 
fendicuhrrk C yf-«fft the ^afi A B, 
tf n^/ thultipfying fbi Differ met Ij 20, 
und dmiing tbk Pvodi^g if, 9t the 
^iien^ is 5. fnaf is ti^i Itn^k 
T^ ^ tbs S^ ABa ^ PiT^^^- 

Let AC = i=;:jo, hBzza^ BC=rj^ ^=ao> msS, 

tf4r-^^f=:i& b; t^e Property of the 
Figure as in t|he lajft Qn^ion. 

^"~ ^ s?5. hy thf Qucftjfon. 




t —re 

2 X m 

4 • 7 



3 

4 

S 
6 

7 
8 



^ I .-^. 



m 
a a = ij* ^ — r r 

d a --^ d € :;;^z m 
da ;:p z m -^ 4r 

If ;;h5 iij > I 'I 



I s 



z/n-l-^r 



:i/T5=:3 



. scaring both Side9 of tke £qiiatfpiif l^ecaufe the nokapwir 

Quantity is under the radical Sign. 



8^2 
g X d d 



itim^dd0s n 



ri-^ZT^mm 



10 



12 



hk^.ei 



zzmm + 2zmdi^ddii 

da 
zzmm'\'lzmdeJ^dd&rsidd^b^'^ddi9 

%zmm + %%mde^%ddei^z=ibk4^ 
2ddie'\'2%mdi:s&bbdd^^zzmm 

Dividing 



Of C^ctrntK S<U^Af ions: 



That ir 



^3 

14 



Dfvidiiig by tbeCe-tacJat of /t hj 
Art 58, 
. ^%md^ iH4 — z%mm 



^/•f* 



ik44 %4d 



%dd 



— for 



9^zmde 



w* 



— -J-, iur a ^ may be 



4i -fej^ed as in DivifiO'n. 



Iteri! th^^uatibn is fiiadrafUy biit it taittftOt be nmUgtrnt, b6- 



caufe both the Qijfimitics ^ » 



barring tke Sign +, the 



whole Side H the Sqoatibn ttiuft be afi^mativie^ and <ceufefiientlf 
the other Side of Ihe Equation oiuft he alfo affirmativey other- 
wiife an i0*mk§kfe Qaantity woold be efital to a fugitive Qguk^ 
4ity^ whjdi & ablltf d. Now» 



Subftitution 



15 
16 



36 «» 2 






Then by Stap 7^1 



»7 



iS 



19 



%m 



ISubftitute A-is: *~ ss 1, by Art. 57^ 
then by 



i^^ d'-^KKmm 



2.dd 

\. "af ^^ ^ybhid'^zzfitm . xx 
g j^ ^ — i^ » ' ^ \, ^ +""^ 



2 2 dd 

.^bbdd^^zztnm 




Thifamt J^ifiiou done etberunfe. 

L et ACa =j^gD;yo» ABastf, then by 47 ^ U BC 
•*fty^^w.««l lupp^ft ^s£:20> ivisS> »S5> as before. 



Now 



a©« ALGEBRA, 

No«r tU the Sides of the Triangle being exprefled in Symbols^ 
and there being only one unknown Quantity, there is only one 
Equation required, which may be raifcd from the Conditions of 
the Qucftion, and thefe I (hall particularly ex^refs to prevent 
any Difficulty to the Learner. 

Now I I I i?) is t he Safe A B, which is longer than 
the Perpwidicular B C, or ^/JTZ^^a^ therefore conncffing 
^"hY-^aa to tf, by the Sign — y 

We have | 2 1 tf — ^/ hh — aa for the Diferciice 
between the Bafe and Perpendicular, which is to be multiplied 
by 20, or d^ then . .... 

We have I %\ia^is^ hh-^ a a 

But this ProduA is to be divided by 8, or hy then 



We have 



Whenoe 



(is to be equal to 5, or 2. 



I 



I 



■ = z, by the Que- 

^ (ftion. 



Becaufe the unknown Quantity is divided by m^ therefore by 

Art. 47- ■ 

5xi»l 6|rftf — d\^ bb^aazsizm 

Becaufe the unknown Quantity is multiplied by d. thcrefotlt 
by Art. 48. 

6^aj 7 I tf •—•** — « tf = 

Now tranfpofe the Surd becaufe it has the Sign -^^ the higheft 
Power of the unknown Quantity being part of it* 



d 



fJ^^bb^^ad 



%m 



8 



%fn 



a^ -— +4/ bb 
a 



\/bb 



a a =: a 



a a 

%m 
IT 



»- ' 



iThere being ho Quantities on the fame Side of the Equation 
with the Surd, raife both Sides of the Equation to the fccoad 
Power to take away the radical Sign. 
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1.. 2zma , z^z/fm 



II — - 



9^2 


10 


• 


II 


%zm m 


1 

12 


dd 


12-7-2 


»3 



2zma . 
2«#— ^- ' u ■ ■ + 



a^tf — 



a a 



d 
2zmii 

-7- = 

z ma f b 



4/ 
z z m « 

zzmm 



dd 



bi^ 



dd 
» z m m 

%dT 



hh 



Here the £quati(«i 4» fitadrttut b« bclcaiift — — . ^ 

2 2 tf d 



z X m m 



<Mm; Now by Ait. 57, 



— 2. 



tt 5^^— t o^ 4A9 ft /9^iv» QiiBitky) Ibe Equatiott it not mnH* 

zm 
" T ^ 
z z m m 

14 < a 



Then 1 14 1 aa(^^xai±i * — 



15 w a 



164- — 



16 



'7 



2^^ 

— = L — «^ 

4 4 ^ 



2ii 



1 



«... i xJ^^ ^ ^ ^ zz^Tm 
2 ""^ T "2 iTJ" 

"" 2 "*" 42 zy^ 

(= 8 s the Bafe A B as before. 



Hence in the right-iingkd Triangle A B (^ becaufe we hare 
given the Hjrpotbenufe AC wbkh i« lo, aa4 having now 
&un( l the Bafe A B to be 8» therelpre the Perpendicular B C 

= •100 — 64P5^ 

Queftioii 74* Twp Merthanis^ A Mnd B9 heiomng Banirupti^ 
owi fucb Sums of Mcn^ that if from ibi Numbtr of Pounds A 
owiS^ wt fiibfttdHtbi Squan of the Number of Pounds B owis^ 
4kir4 will romain 1900 Pounds : 

But if the S^ptare of tht Numbtr of Pounds B owes^ is multipUid 
by tbi dumber of Pounds A owos^ ihiProdu£f is 8 1 000000 Pounds. 
To find tbe Doit of fafb Morchant ? 
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Let tf = the Money owed by A, #= the Money owed by 
By ^=19009 ^=8 1 000000. 



3 • 4 
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4 

5 
6 



JT = 7*{ BytheQacftbm 



_ ^ 



egg gj^ 



g i 

gi = d 



6r □ 



Perhaps this Equation may appear new to the yoitiig Anal^fi^ 
but by turning* to Art. 56. he will find it to be a quadratic £- 
quation, for the unknown Quantity is only in two Termsy and 
in one of them its Power or Height, is dmJbU its Power and 
Height in the other, for it is ^m and «#, therefore now tate 
the Co-efficient of ^ < the lowed Power of / in the prefent Oafe ; 
divide the Co-efficient by 2, (quare this Quotient, and add it to 
both Sides of the Equation as before, thus, 

iiii'+Pig'^ — =a-|- — 

4 4 

Extra£ttng the fquare Root as ufual, 

Tfanfpofing — becaufe it is a known 
Quantity, 

4 2 

Now extrading the fquare Root to de« 
prefs e to the firft Power, 

^=1/ i/i+ ~ : sr9o Pounds, 

4* 2 

(the Money B owed. 



7 ttv 2 



8 



2 



9 tOJ 2 



10 



To extraa the fquare Root of the Quantity i/i + 



i b 



* 



-,-is only to place again the radical Sign before the lame 

Quanttty 



f 
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Quantity, drawing it over the radical Sign already there; and 
the other Quantities without that Sign if th^e are any, for 
though thefe were not included in the firft Root, yet as they 
were afterwards tranfpofed to that Side of the Equation, and the 
Root b again required to be taken, they will now be included 
under the radical Sign by this fecohd Extra£tion. 

Bccaufe of the two radiqal Signs, I (hall fet down the Nume- 
rical Work, to make that Operation the plainer. 

^=8x000000 

it 

-— = 902500 

i , 



81962506 
8x 



h b y^ h h 

rf+ — (9050 = i/rf+ — 

4 ♦ 

h 



1805) 9025 
9025 



-950 = -- 



8100 = i/ a -4 :-~.^ 

w '42 

and the fquare Root pf 8100 

>-^,^.*— ::: — ' — - 

4 2- 

Then by the third Step 0-:^^$^ 

7z looop Pounds, the Money 
pwed by A» 

The fame Queftion anfwered by externiinating the unknown 
Qiiantitytf. 



f 

3-3 


I 
2 

3 

4 


»-^tf 


5 



gj^^ J By the Queftion as before, 



a 
a 

d 
a 



Make the fourth and fifth Equations pqual to oiy another* 
fyr each is equal to a. 



4 • 5 

6 X a 



a^b= - 
a 

7 laa-^baxzi^ 

£c 2 



7 c B 



Ifcl2 



J e a 


8 


8wl 


9 


9 + -; 


10 



ji I^ G a B Jt Ji» 



nz^i/i-f. — •+ -^ =10000 rouocfe, 
4 * (a$h|cforc. 



And by the fourth Step /=iAtf— ^, qc 1^7 the fifcl( Step 

# s=l/ — s: 00 Pounds as before, 
a 

From hence the Learner n^y obferve, there are different 
Methods of anfver|tig thr finie Qyel^on, a^nd ^t fome are 
more elegant then others, as they give the AnfWcr in more 
fimple or Icfs complicated Terms ; and in this Part of the 
Science he is to exercife himfelf according to bis own Pnidenos 
and Judgment, and -fome Meafure in PropbJtidn as he has ac- 
quired and clearly underflands, or conceives the geneial and 
univerfal Methods by which Queftions are anfwered ; it be- 
ing only my defign to illuftrate thefe by pertinent Examples, 
with fuch ^Itttions as ari/fc in an obvious Maimer from the Di- 
regions, that thefe i^ay b^t^ie more fully and compleatly 
underftood, 

Qgefiion 73, T100 running Footrntn^ A and B, mating ^ iU 
jRjsady founds if the Number of Miles A bad run vfas mubiplied 
by 5, fuhJiraQing from this Produfi the Squan of tbe Miles, pi^ 
by B, tbet;e remained XOO : 

But if tbe $^uare of the Miles run by B, was multiplied by ihp 
Number of Miles run by 'A, and this Frodu& multipKed by 2, tbe 
Pr^iu^f v^s Soooo. Unsf many MiUs Ifod e^cb Perfon run f 

Let a 7= the Number of Miles run by A» / «= the Number of 
^ilcs run by B, j» = 5, jp = lOO, rf = a, b= 8©ooo. 



%^dei 
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3 ma^szx -4- r * 
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X ^ e e 

a tz: ' > ' ■ 



m 



a zs. 



dT$^ 



4.5 



Of Qgadisitic BojfATioNs; 



r - 



4. 5 

6 X 0> 



< # -f> «' =: 






Here the Equation appete t9 be of tbe fame kiiA with Che 
bft, that is quadratic, but no* imbiguoiis. Kow Iqr Art. 58. 
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9-^^ 



.10 < P 



Jim' St 



X 



IJtwi* 



10 



%t 



1% 



13 



1 ^ 



And 'compIeati9g tl^e Square as in the 

, XX mb . XX 
!— Jt— - ''' 

1^ * 4 

•mb • XX X 

/^, ^mb^xx X 



2} 400000 = mi 



yf 'i n I IF 



200000 = 



mh 
T 



2500 = 

t 

202500 (450 
16 



/U^ . XX 



Mt 



— SPas: 



8s) 4*5 

4»5 



7 









400 (ip»i/ ^ X + 1;" '"^T ^ ^ 

Number of Miles rui^ by B. 
Thm hy the fourth Step a ?= ^" ^"^ » loo, theNumber 



414 



ALGEBRA. 



This Queftion as the laft, may be relblved in a more fimple 
Manner, if we exCerminate the unknown Quantity r inftetd of 



«t 
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m tf •— # ^ = AT 1 By the 
da$e:=zh J fore. 
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X^ii 
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m If ss ;r --H/ # 


3 — ' 
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b 




5 




4 . 5 


6 




€7cda 
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dma a'^d xpi =s^ 



as be« 



pividing by iffl tfic Go-efficient of tf^, by Art 58* 



^^dm 



o I ^tf ^ ^ dx a xa . 

8 I aa-^ — s= -p- for -3 — = — ^ the 

flX a^ « flX HI 

d being* rejeOed as in Diviiion. 



Now *- the Co-efficient of a being divided by 2, is — , 
For making 2 an improper Fraftion by the Rule in common 
Arithmetic, ^ T * ^"^ ^^ ^^ ^"'^ ^^' Divifion of Vulgar 

X ^ Jt X 

Fractions in Arithmetic ~ -£ — — — ., Now fouaring — 



*A • 



XX 



and adding .this to bpth Sid^ of the Equation the 



It IS 

4 mm 
Squan is compUatid, by |^rt, 56. 
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xa ' XX 



« = • 
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X 
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h XX 

= 71: + 



dm i^mm 



= • -f- + 



XX 



dm i^m m 



dm 



XX X 

+ :4 =100 

(as before. 



Then by the fourth or fifth Step we ihall find ^as2d, as bcfen?. 

i^eftion 
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Queftion 76. // is nqmndtafini tw$ fiub Numbtrs^ tbattbg 
gnatgr betng added to the Square of the Uffer^ the Sum may be 19 : 

But if the greater is mdtipUed inf$ the Sptart ef the leffir^ tbi 
Vreduit may he 90. 

Let tf = the greater Number^ ^ = the le% Number^ s =; 191 
^5=90. 
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5 xf# 
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ii'^eeee 
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7 — x^^ 
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a-^^ee^sM 

a e e'Ts.p 5 


By the Queftion. 


fl = i— -*# 




e e 
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e e 
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p,zz s e e^^e e e i > 

Tranfpore # # ^ ^ to make it #rinatitrC| 

e e e e^p = see 

ee e e^^- se e'+p:=sa 


e e e e'-^see 


zz^^f 



Here the Equation not only appears to be quadratic } the 
Powers of the unknown Quantity /, being the fame as in 
the two laft Queftions, but the Equation is likewife amU" 
guausj for that Side of the Equation which is known is negative^ 
viz. — ^« 



9C P 



10 4*2 
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12 1012 



10 



II 



12 



13 



. ss se 

itee^see+j:^j^p 



e j^s s 
ee =4/ p 

2 ^4 1 

ee-si — ±V^ ~ "^^J ^ Equation 
^ ^ (being amiiguius as s^ 

(hove: 




That is^ by reafon of the ambiguity of the Equation^ it may be 
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«=V 7+^ 7— ?> « '=*^ T""*^ 7~^ 



Let 
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tet vt ibppofe #SS4^ — +• -;- — iP 

* 4 

90.«S = J 

95- T 




:^ 



-=T+^'i'-^ 



oeartft si/ ~ -ti/ - 



6l) lOQ 

6i 

626) 3900 
«7S* 



6322) xfiioo 
12^44 

Then by the third Step tfsej— ^#£=9, if we take lofer 
the Square of #9 the^^uareRootof 10 beini; equal to t. 

By trying ^lefe Nqmtmt acomKog |o the Coalitions of the 
Q«eftion» welitve 

<i./ # s 90 uking .10 for the Square of # as abo?e« 

fiat l)ecaafe ^he Value of ^ is a FraAion {which does not ter- 

minalej and thcreforit its exad Value cajnnot be found, let us try 

' t s s 

the other Root^ ^'«, €^)/ — •^V -^ •-/^. 

90.25 as — 
4 
M--^0* c: — - ^ 



^r^m 



/■ 
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t=95 



4 



— -.y^ .1^ — ^ := ^, exCra^ing the fEjuareRoot of 9. we have 
24 



.rr 



.rr 



1/ • ^ = 3i for the other Value of i .e3a^ 

2 4 

Then by the third Step « = j — # / == 10. 
And trying thefe two Numbers by the Conditions of the Qf^ie^ 
flion^ we have 

a'^ii:=:ig\As the QueAion requires, whence the two 
a i i = 90 3 Numbers are 10 and 3. 

I have been particular in the Arithmetical Work of this Q^ie« 
ftion, that the Learner may fee the Method of finding both the 
Values of the unknown Quantity, in any ambiguous quadratic 
Equation, when the unknown Quantity is to the fourth Power. 

But in this Queftion, if we exterminate e inSead of a^ wd 
iball have a more fimple Solution. ' 



I — a 

4.3 

)i X a 
6 ^a a 
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2 
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^ 'J_— ' I By the Queftion as beforew 



a , 



5 

6 

7 
8 



a 

a 

p:=zs a"^ a a 
a a -^ pz=i $ a 
a a ziz s a — ^ 
a a — s a = — p 



1 
Here the Equation appears quadratic and ambiguous^ as before. 
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aa^^ a-^ — = p 

'4 4 
F f 



10 nH 



2l8 



ALGEBRA 



10 UM 2 
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II \a =• p 

2 4 



II+-|I2 



I . 



= i- ±^f^t 



Let us firft fuppofe tbe Root 

4) 361 = * X 

s $ 
90.25 = — 



. » 4 



— # 



^/=— 90. 



XX 



.25 = — — ^ but the fquare Root of .25 is .$ 
4 




Then -=9.5 



— V" J — p = — o.s 



9. stfy for one of the Roots of the ambigu- 
ous Equation, and from this Root, or Value of tf, we (hall find 
either fn^m the thirds or fourth Step, that i is equal to the fquare 
Root of 10 as before ; but this being a furd Number, and b its 
Koot cannot be exafily extraded, find the other Root^ or Va« 

lue of <7, then we have tf=-*4-v^ -^ — * 



— =9.5 



4 

10. =£tf, the other Root ef the ambiguous 

Equation ; then by the third, or fourth Step, we (hall find $ to 

be equal to the fquare Root of 9, which is 3) and thefe-two 

Numbers 10, and 3, anfwers the Conditions of the Queftions. 

It may not be improper in this Plltce to add, that if the 

Learner meets with any Queftions, wl^ere the Anfwers come 



t,. 



out 
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out in Decimal FradJons, he is not from thence to conclude 
tbey are not the true Anfwers, or rather fuch as the Queftion will 
on}y admit, as thefe are very frequent and common : But if the 
Equation is ambigumsj it would not be improper to find the 
other Root) which may perhaps be itta from Fradions; and if 
this Root anfwers the Conditions of the Queftion, he has then 
found the Anfwer compleat : But if the Queftion will not admit 
of fiich an Anfwer, he can then only approach to the true Anfwer 
in continuing his Frafhons at Pleafure ; but hitherto I have endea* 
voured to avoid thefe Circumftances, as they only fatigue the 
Learner and perplex his Mind, inftead of increafing his Judgment, 
arid advancing his Knowledge in this Science. 



66. The Method of refblving QuelHons, 
that contain three Equations, and three 
' unknown Quantities. 

TJIN D tbi Value of one of the unknown ^antitieSi in one of 
^ the given £fuationi : 

For the fame uninoum ^uantUy in the fitber two Equation^^ 
writej or put this Vabie^ which exterminates that unknown ^an^ 
tityy from thofe two Equations ; and reduce the ^ejlion to two E- 
quatsonsj (snd two unknown ^uantities^ which ma^ be refolved as 
the foregoing ^ejiims^ by Art.' 55. that is, ' 

Find the Value of one of thefe two unknown Quantities, in 
thefe two Equations, and making thefe two Equations equal to 
one another, exterminates another unknown Quantity, for thiy 
laft Equation will have only one unknown Quantity, which. be- 
ing reduced by the Dire£lions already given, will give the Va- 
lue of that unknown Quantity in Numbers, from which jt will 
be eafy to deterniine the other two. 

To help the Learner in his Choice which to exterminate, if 
one of the three unknown Quantities is not multiplied, or di- 
vided by either of the other two, but thefe are multiplied, or - 
divided by one another, then it will be cafieft to find the Value > 
of that unknown Quantity, which is not multiplied, or divided 

by the othw. 

Ff 2 0^ 
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Or if one of ^ the unknown Quantities, ihould be to the firft. 
Power only in all the three given Equations, and the other two 
are raifed to fome higher Power, then it ipay be eafieft to exter- 
minate the unknowp Quantity, which i3 to the firft Power 
only. 

And if sill the three unknown Qtiantities, are only to the firft 
Power, and none of them afe multiplied or divided by one ano- 
ther, then if one of them has no Co-efficient but IJnity^ ^nd 
the other two have Co-effcients, it may be eafieft to exterminate 
that unknown Quantity, whofe Co-efficient is Unity^ 

Thcfe Dircftions may be of Ufe to the Learner, in affifting 
his Choice which unknown Quantity to exterpiinate, and a little 
Care and Attention will help his Judgment in this Part of the 
Science ; I (hall only juft mention, that if any particular Diffi- 
culties arife from the exterminating one unknown Quantity, it 
may not be improper to make an Eflfay how the Work wilf 
proceed, from exterminating fome other unknown Quantity* 

Queflion 77. 'fhin an thru Numbers whofe Sum /V 18 : , 

Tbefirji being added to three times thf fecon4^ from v^bicb Sum 

fuhjlra^ing twice the third, the Remainder is <j^: 

Bat if the fir/i is added to fouftime^ the third, .froip wbifb Sum 

there isfubjlra£led twice the jecond, the Remainder is 21. tVbat 

are the three Numbers ? 



Let a = the fir,ft Number, e =r the fecond Number, y as 
the thifd Number, ^=: 18, /n=:9, ^=: 21. 
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a -4- 

« + 3 
a + 4,y 



e-^-yzizb 1 
le — 2yz=:m)rBy 
ly — 2^ = ^) 



the Quefiion^ 



a ^ e -zz. b — jr 
a zzih — y — ^ 



Having found the Value of am the firft Equation, in the 
Room of a in the fecond and third Equations, put its Value 



b—y 



thus, 



2 
3 



5 
5 



^6 con trailed 
7 ccntraited 



6 

7 

8 
9 



}Here the Qgeftion 
is reduced to two B- 
quations, and two ud- 
known Qjttfltities.ftii 
m is exterminated. 

^H-3J'~3^=> 

Now 



The Method of rcfolving Queftions, &c. zzi. 

. Now find the Value of either y^ or e, in each of tbefe two 
{aft Equations, and ^y ^^^g ^^ ^^b Equation, find what that, 
is equal to. 



S + SJ' 

10 ^— w 

9 + 3^ 

J2 — h 

11 . 13 



10 
II 
12 

is 

14 



3Jf =:*^4- 2 ^-«— iw' 

^ + 3y^P + 3^ 

3y=P + 3^ — ^ 
P + 3* — *==*+2t/ 



m 



Here we have an Equation with one unknown Quantity on* 
I7, which is reduced in the common Manner, thus^ 



i+ — 2 # 
15-+^ 
16 — p 

13-^1 
By the fifth Step 



15 
16 

18 
19 



p-\^i=s2b''-^m 

f =: 2 ^ — - xn .— ^ = 6, then 

3 



Hence tfae three Numbers fought are 5 . 6 . and 7. 

PROOF. 

a + ^+;^ = 18 
tf + 3/— .2jp= 9 

^ •+• 4^ "^ ^ ^ T= ^^* 

Queftlon 78. Thr^e Mgn^ A, 3, C, difcourjing of their SbiU 
lings f founds that if twice A*s Shillings was added to as Shillings^ 
and from that Sum fuhjira^ing C'j ShilUngSy there remains 15 : 

And if Ws Shillings was added to three times C*s Shillings^ and 
from that Sum fubftraSiing A*s Shillings ^ there remains 31 i 

But if fix times A*s Shillings was added to fkur times CV ShiU 
fingsj and this Sum added to Ws Shillings^ fht Sum was 97, 
How many Shillings had each Per/on ? 

Let a = the Number of Shillings of A, « ^ thofe of B, and 
jf^thofc of Cj i=iS, ^==3i> iw = 97. 



I 
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/— y = i 7 

y — tf = rf >By 



2 tf + / — y := 

^ + 3y 

6tf + 4y + 



the Queftion. 
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Becaufe 
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* Becaufe ^ bas no Co-efficient but Vni^^ hfgia With finding, 
Che Vadue of « as Keing tbe moft fi«iple. 






Now » in the fecond and third Equations, in the room of i 
put its Value^ or t +y -—an, as i|i the laft Queflion, 

3.5I 7 ' 6tf + 4;+*+>--2fl = » 

Here the QuefiioB is reduced to two Equations, and two un- 
known Quantities, g being extermifiated, and therefore proceed* 
ing as in tbe laft C^teition, 

6 contnided I 8|^-f^4;F«-«30 = ^ 

7 contraded 1 gl^a + ^yJ^bzzm 

Then find the Value of either of the unknown Quantitici 
in both thefe Equations, to find the Value of y. 
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5j^==:»f.— * — 44 

m — A — 4 a 
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<f + 3* — A __«— £--v44 
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litre we have an Equation with only the unknown Quantity ag 



16x4 


17 


17x5 

184.16 a 

19 + 5 * 

20 — 5 af 


18 

20 
21 


21 ~"3?" 
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. 4w — 4^— 'i6g 

5^4.i5tf~i5^ = 4j9i — 4^— 164 

5^+3itf--5* = 4»»— 4* 
5 ^ + 3itf = 4w+* 

3i/i = 4m-{.^ — 5^ 

a = T . T 2_ — 8 then 

B7 
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I ^ + 3 ^ — ^ 
23 > =: ■ " ■ ''^; — ■ " ' == 10, and 

4 
PROOF. 



By the i2tb Step 
By the fifth S(pp 



2 a + / — j^ = 15 

6^ + 4;' + ^ = 97 

I have done thefe two Queftions without putting Letters for 
the given Norosbt^n, it being more eafy and familiar ; but now 
to do the iaft univerfally, let us put Letters for the Numbers 
2.3.6 and 4 which are ^en in the Queftion, and compar-* 
ing th» two Operations tl»t may render this the more eafys 
but if the Learner finds this too perplexing he may negledt it, 
and proceed to the next. 

Let a . and jp be the three unknown Numbers as before^ 
and xms2, ss3» l^^^s p™^ then. 



X 

2 
3 



y-^aszd VBy 
py^isazmi 



X a «+»/— y s=* 
b a^ 



the Queftiom 



Becaufe / has no Ataois Co-eficient in either of the given 
Equations^ find the Valae of r^ 

Now in the iecond and third Equations, in the room of # put 
Its Value, or * + y — *tf. 



2 
3 



• S[ 6 I i+y — ;irfl + zy — ijs=si 

• 5I 7 I Aii+^y+*-4*y — *tf=3W 



Here the Queftion is reduced to two Equations, and two 
unknown Quantities, e being exterminated, but becaufe of the 
fpfcims Co-efficients we cannot contrad them* as before : Now 
find the Value of y, in both thefe Equations. 

64.^ 
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.* + ' 

9 — * 
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to^z + i 
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-j+xa 


12 
13 
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17x^ + 1 



16 



»7 
18 
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7 = 



the 



of jf bc- 
(ing z + i 






2-4-1 

jF = — ' _—— _ the Co-efficients of y 

^+' (being ^4. r 

^4-^4-^^*—^ fn-4-x d'^-^b'^h a _ 
— 5 L- — an Equa- 

« 4- I ^4-1 

(tion with only the unknown Quantity ir, 

^^-|.^a4.^jrtf-~^^4-^^tf 4.Artf— ^ = zm 
4-'2iii^tf'— -z^ — zba-^m^xa'-^b'^ba 



The Learner may think thefe Multiplications di/couraging^ 
though perhaps they are not fo perplexing as he may imagine, 
for at the feventeenth Step where m^xa'-^b^^ha is x24"^» 
l^t down the Produd of it by z firft, which is zm -{^ z x a 
— -z( — zAtf, after which he need only write m-^xa — b — ba^ 
the next part of the Multiplier being Unity ; or, if it had been 
/soother Letter, it had been no nlore then repeating the MitipU" 
cand% with the nudtipfying Ltttir joined to each of its Quantities^ 
placing them one after another,- taking due Care of the Signs by 
the Rules for Multiplication. 

In the fame Manner be will find the eighteenth Step multi- 
{died, and a little Attention will familiarize the Operation ; but 
if there is any Di^tulty in multiplying thefe compound Qi^n- 
titles, the Learner may fet them down one under the other, an4 
multiply them in the ufual Manner. 



18 — *•<! 

194-* 



19 

20 



pd'^pa'\'pxa^^pb'J^d'\-'a''^b:=izm'\-'Zxa 

"-^zb'^zba^m'-^b'^^ha 
pd-^pa^pxa — pb'^d'^z=zzm'+'Zxa'''^b 

'^^zhc'^^m-^^ha 





Now tranfpofe.all the unknown Quantities, to one Side of 
the Equation, and all the known ones to the other Side of the 
£quatk>n, 

20-*- 



The Method ^ of refolving Queftions, &c. aa 5 

pd'^pa-^pxa — pi^d-^a — zxa 

szzm'^-'Zb'^zba'^m — ha 
pd-^pa+pxa — pi-^dJ^a+zha 

'^zxa^zm'-^zb-^m — ba 
pd^pa + pxa — pb-^d^i^a^zha^ 

-'^zxa-^bazizzm — zb^m 
po^pxa-^^pb-^d'-^-O'^zba^—zxa 

•^ha:=izm^-'zb^m^^pd 
pa^pxa^d-^a-^zha — zxa-^ba 

=^zm'^zb'\'m''^pd'^pb 
pa-i^pxa^^a^zba^^zxa -^b a 

ziizm-^zb-^m — pd-^pbr^d 
%m — zb^m^^pd-^pb — d ^_ 

p'+'pX'+l+zb-^zx^b "* * 
the Divifor is the Co-efficients of u^ 
connected by their Signs, 

y :;:2 L^ — 10 



20 — ■ 2 4r 


¥ 


%l -\-%b a 


22 


9.%-\-ba 


23 


n—pi 


»4 


H+pi 


25 


25 ^i 


26 



26 -^ 



ThelibyltthStep 
And by 5 th Step 



27 



28 
29 



Queftion 78. There are three Travellers, A, B,' C, who baie 
travelled in all 62 Mile; : 

But if the Dtftance A has travelled is multiplied by 2, and 
added to the Dijlaiice B has travelled multipUed by 3, this Sum is 
4qual to the Dijiance C has travelled when multipUed by ij : 

And if 4 times the Dijiance C has travelled^ is added to the 
Dijiance B has travelled multiplied by, 2y this Sum is equal to the 
Dlftance travelled by A. 

Let a ±= the Diflance travelled by A, # =: the Diftance tra- 
velled by B, y = the Diflance travelled by C ; ^ = 62, ^ = 2, 
dz=z29 01 = 17, 4*1=4 and 2 being in the Queftion before^ 
put no new Letter for it. 



I 

2 

3 



!i^f//=my rBy 
V -X- b e:=:a J 



a 

ba 

Ary-4- 



the Queftioa- 



Becaufe a feems to be tn as fimple Terms as any in the three 
given Equations, and having it's Value already by the third Equa- 
tion, therefore for a in the firft and fecond Equation write' its 
Value xy '•{'b e at the third Equation, which exterminates a. 

Gg 1-3 
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1 . 

2 . 



3 
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Here the Qaeftion is reduced to two Equations, and two un- 
Jcnown Quantities, then proccc«J as before, t» find the Value 
of either^ or /, in each of thefe Equations, as luppofc ^. 



I 

8 • 10 
llxiw — bx 

13 — xbbi 



iJ^ + mb^ 
l6 -— bxi 



By Step} 
8, or 10. 3 
By Step 3. 



xy + i-^y^p — bi 
xy-^yzzLp-^be — i 

- — tmhui (he Co-cficients oiy being *•+ 1, 

my'^b xy^zb b i '+de 

L — **f±^ thcCo-cfficicnts of y being «—«*• 
^ tH'^bx 

*ii±l£/ ::^ ^=±lr:i an Equation with only 
» — * -^ * + I fonc unknownQuantity, 

.. . . ' mp — mhi — mi—pbx'\'bbx€'\-hxi 
bbei^i= ^ j^q-p 

xbbe'^xdi + bbe + d£z=:mp — mbe — me 

i^^^p b X '^■'b b X e>+b X i 
xde+bbi+dizizmp — mbe — me-^pbx^xe 
Now bring the Terms that have the unknown 
Quantity, to one Side of the Equation. 
^de+bbi^a+mbi^mp-^me — pbx'+hxi 
X di^b b e-^-d e+m b i^m iz=m p — p b x-^b x t 
xdeJ^bi-^e-^mbiA^me — bxezzimp — pix 

^^ mp'-^pbx ^^ 

xd'^^bb-^»d^mb^m — bx *~ ^' 
Divifor is the Co-eiEcients of ^1 connected by 
their Signs. 



6 
7 
8 

9 
10 

ij 

12 
13 



15 

x6 
17 
18 



19 



the 



y = 7 



20U = 46 



Queftion 79. Three Men, A, B, C, dlfcourftng of tbtir Shil- 
lings, found, that A*s Shillings added to C'i Shillings^ the Sum 
was double Ws Shillings : ^ 

And h's Shillings added to tbreo times Ws Shillings, from ^bicb 
Sum fubftrafJing C*s Shillings, there remained 13 Shilftngs : 

But if A's Shillings was added to the ProduSf of BV and C'x 
Shillings^ the Sum was 34, How many Shillings had each Perfon? 



The Method of lefdtiriBg Queftions, &c. zzy 

lAit szzh't Sbillingt. / $= B'x Shillings, ; = Ct SluUingy, 



a . 4 
2 . 3 

5 contrafted 



I 

2 

3 

4 

5 

6 



a 
a 
a 






By the QudUon. 



^mi^i^mm^fif^f^m 



a = 2 #— j^ 

^ Here the <^ftion ie 
2 ^— > + 3 *-— Jf =i f reduced to two Bqnationt, 
2 / _ y .J. iifZZid \ *^ ^^ iwknowji Qjian" 

5 ^ — 2yz=:i 



J titkt. 



Now find the Value of iy or j^, in the fixth and feventh 
Equations. 

6+jfj 8 [t e -^ eyz:zd + y 

. _ d + y 



7 + 2;^ I 10 



10 -f. 5, 

9 • II 



12 X 2 -{-y 



II 
12 



JJ 



^3 >< 5 ' H 



2+y 

5izs.i + 2y 
b + 2 y 

5 

— -^ — ** = t . * ^ ^ an Equation with 
5 * + )' only one unluiown 

Quantity. 
^ff + ^y + hy + 2 yy _ . , ^ 

5 



Kbw bjng all the Quantities that huve y^ to one Side of the 
Equation. 



H — 5;^ MS 
15 -^ 2 j I ^ 



2i-r-y 4-*;^ + 2yyz=LSa 



Here the Equation appears quadratic^ the unknown Quantity 
being to the fecond and firft Power only^ then by Art. 58, i\'^ 
vufe by the Confident of yy. 

»64-?[ 17 |^>+ -^- =^ — J— 



Qg? 



The 
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The Work being now prepaied for cnnpUating tbi Squarif 
becauie the Co-efficient of y is ■ "^ > to avoid the Trouble of 
dividing this FraAion by 2^ and iquariog the Quotient} fubftir 
tutc * = , by Art. 57. 



Then 
18 r Q 

19 Itt2 



20 — — 

2 



By the 9th, or I 
nth Steps J 
By the 4th Step 



18 

20 
21 

22 
23 



5 d—%h 
yy + xy=. r^- 

A5 ^ — 2^ ;rl? ^ 4r ^ 

^'^ 2 * "4" ' T "" * 

(C'8 Shillings. 
/ == 5, B's Shillings, 
tf = 4i A's Shillings. 



Qucftion 80. Thru young Gentlemen^ A, B, C, having inn 
at fhi Gaming'TableSf from comparing their Loffisy found that 
twice what A loft^ when diminijbid by what B lo/i^ was ifual to 
the lofscf C: 

jfnd that the Lofs of A, added to the Lofs of B, and ibis Sum 
added to twice the Lofs of C, the Sum was ig Pounds: 

But if to the Produa of A's and Cs Lofs^ there is added B'j 
lofsi the Sum is 26 Pounds. How much did each Perfm bfi f 

Let (? == A's L06, e = Fs Lofs, y == Cs Lofs, rf = 1 9, * = 26. 



X 

% 
3 



-.=y 1 
-tf + 2y=:rf>By 



2 tf — / = 



the Qucftion. 



Becaufe § feems to be in the moft fijnple Terms, therefore 
find the Value of /. 



i + ^l 4U«=y + * 

^— yl 5 U=:2tf— .j^ 



*l 
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"% The QgifUM b Mn 



a . s 
3-5 

6coBtnfded 



6 

7 

8 



• — /-f 7 >tk)niiiidtwoiinlmpnni 

J ttrauMttdt 

3«+J' = <' 



Find the Value of «, or jr, in the fevepth and dghth Equation. 



7 — 2 tf 


9 


9-f-tf— I 


10 


8--3a 


11 


10 • 11 


12 


12 X tf — I 


^3 



b 
jr = - 



^b'-^Za 



— 2« 



b — aa 



-I 
3« 



3« 
i— .2tf = rfj — 3tf« — ^ + 3^ 



Now bring all the Quantities that have a on one Side of the 
^^ationl obferving to have the higheft Power of a affirmative. 



X3 + 3aa 

14 — 3 tf 

15— -rftf 

16 — * 



14 

16 
17 



3 a tf + 3 — 211=: Jtf — rf+3 
3^ tf-j-i— 5 <i = ^tf— ^ 

3 a tf — p 5 tf — ^ « cs --• ^ — ^ * 



Here the Equation appears both quadratic and ambiguous^ for 
the unknown Quantity is to the fecond and firft Power only^ 
and it is ambiguous j bccaufe -^ i •?- * the Side of the Equation 
which is known, is n^ative j dividing by the Co-efficient of a a^ 
Ks in the laft Queftion. ' 



17 -r^ iStftf — 



^a^^da ^^ ^•^d'^h 



The Work being now prepared for eon^leating tbi Sfuart^^ 

fubftitute •— ;r = - — . ■■ the Co-efficients of a^ as in the laft 

3 
fxample^ 



Then 



18 r D 



19 

20 



3 






^ T 4 



^jb A L G B B ti A. 

I I * y-d-b , 
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M + - 22 a = -+i/-^-.+ - = 4, 

(+1 = 3, or 5. 

FcMT die PnAice of tfte Letrner, fcif 4ia Aippofe ii sr 3 
Then by the tenth, or eleventh Step9 - jf 1= 10 
And by the fifth Step - - -i - €zs.t — 10 
:= •— 4, which is an ImpoffibiHty that i% vx affrmativi Quan- 
tity, can be equal to a mgMtive 4. 

Now let us fuppofe • - - - * = S 

Then by the teiuin QX eleventh Stepai ^ / = 4 

And by the fifth Step - • - - / = 6 

Then 2 tf — / iny 

tf + ^ + 2j^ = 19 
4?;^ -f- < =;: 26 

And as thefe three Numbers anfwers the Conditions of tbe 
Quefti^oy they are the true Numbers ibugbt ^ from hence 
the young ytaalg/l mzy dsftrve,. I^hat ia the guadiratic am- 
^guws Efia^ioa,, if 090 of the JBLooCs of the unknown Quan- 
tity does not anfwer the Cooditiona of the Queftioo, he ihouM 
find the other Root, and try that, before he concludes his Work 
iferKKMOw* 

I iliaQ now proceed to ftow the Learner, the e;Kcelknt Me-* 
tfaod of cefolving 9M Jtquiitions^ be their Powers never fo bigbi 
bj|.tli9 wiverial Method o^ Cawnrging SirUs. 



67. The Refolutibn of Adfeflted Equations, 
|i>y the mjiverikl Mqthcd of Converging 
• Series. 

c A S E I.. 

£x. i.QUPPOSE there was given a aa + a=.q%92, to 
O find a. 

Then fuppofe, or itmgtnt tf^ to be - -. - 20 , 

Cohfeq[uently the Cube of ay ox aa a is - - 8000 

Thefe beiijp added together, becaufc iti$ aaa-^^l « 
in the given Equation, the Sum is • - J 

Hence 



Of Adfeded BqUttitibs, &c. a^i 

Henct a is more then aa, for if that had bacjii the tcoa Root^ 
then the Cube of 20 added to the firft Power, or 20, this Sosi 
mufl have been equal to 9^82 the given Number, for thefe 4ire 
the fame Powers of « as in the given Equation ; but that Sum 
being only 8020, which being lefs then 9282, the Value Cf a 
muft be more than 20. 

Now let r = 20, and for what 20 wants df the true Num* 
ber or Root, put ^ : 

Then will r ^ <= tf, or the true Root of the Equation, hen^c 
by determining what e is, we find the Number that is to be 
added to r or 20, which Sum will be the Root of the given adfedl- 
ed Equation, to do which, put down, 

I I I r + / = « 

Now raife this Equation to the third Power, becaufe we have 
a a a in the given Equation* 

• Then add thefe two Equations t e g e thcf 5 ^eeaufe in the given 
Equation it is aaa^a. 

1 + 2 



3 • 4 

t 5 in Numbei^ 
That is 

7 — 8020 

7-r6o 



4 
S 



7 
8 



10-7-20,016 + tf 10 
In Numbers, thus. 



But from the givto Equation 
a a a-^a = 9282 

Potting this Equation into Numbers, and 
rejeSing the Powers of e above e $. 

8000+1 20O/-f<6o<^-<f-^0+^^928(2 

8020 + 1201 ^+60 ejizs. 9282 

1201 # + 60^^11: 1262 

Divide by the Co-efipienC of / 1^ and 

we haves 
2o.0i6<+/f+=2i.O333 ud tnjkntunu 
Dividing by 20.016 + ^, that b, by th6 

Co-efficient of /, phit e and we have, 

20.016+^ 



The' Reaiin «faMtn( the Quotient 
l^igore^ or ij to the Divifei^ fee the 

nttt Article dr Article 69. 



20.01-6) 21.033J (i =.# 
I 

■ • ■ 2I0i6 

21.016 — 



17 the Remainder be^ 
(ing \tTy fmaU tt^t& it^ 

By 
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By thb it ikpptm that / = i, that is, x is to be added Uf (be 
fifft fuppofed Ntimber 20, which Sam is to be the Value of ai 
mr tbt Root of the given adfefted Equation* . 

We aflumed r = 20 
And found ^ = i 



r 4./=: 21 =tf 

To try whether 21 is the true Root, raifc it tb the fcvcral 
Powers of 1^ in the given E^uatioh. 

if = 21 

« = 21 



21 

42. 



tf =; 21 

882 



« « « = 9261 

tf = 21 



Then tf « « 4. « = 9282^ which being the fame with the Nuffi« 
ber in the g^ven Equationi it appears tluit a = 21. 

68. By ri^iewing the Operation, the Learner may ohferve, 
fir/t^ That we fuppofed a Number for the true Root, winch 

upon Trial was found left than the true Root. 
SiCiuJfy^ For that Defidency or Want we put ^, or any 

other Letter. 

Thirdfy^ By putting r = the Number firft fuppofed to be the 
Root, and conncding / by the Sign,+, we have r-f^ for the true 
Root, r being a known Quantity, and e the unknown Quantity. 

Fourthly^ We raife r + # to the fcveral Powers of the un- 
known Quantity, that arc in the given adfefied Equatiort. 

fi/ibfy^ Then we add thefe fcveral Equations together, rejcA- 
ing all the Powers of ^, or of the unknown Quantity above the 
Square^ for in the Example all the Power* of the unknown 
Quantity have the Sign +, but when any of thefe have the 
Sign — , then their refpeftive Equations muft be fubftraAcd as 
at Step 5, Example 3, Page 238. 

Sixtbly, By which means we have an Equation in the Terms 
of r and cj equal to the given Equation. 

Seventbif^ 
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^ SiVititbfyj Then this. Equation is put in Numbers, r being a 
known Quantity, and the iefs abfolute Number is tranfpoled to 
the Side of the Equation of the greater abfolute Number, and 
fubftraAed from it. 

Eighthly^ After this the Equation is divided by the Co-efficient 
of the Square of #, or the unknown Quantity. 

Ninthly^ This laft Equation is divided by the Co-efficient of 
r, Plui iy which leaves e on one Side of the Equation by itfelf. 

Tintbfyj In' the Arithmetical Work, becaufe the laft Divifor 
conflfls of a Number Plus /, therefore, as the Quotient Figure is 
found, it is added to the Divifor to make it compleat, which 
Figure is twice added, once before the Divifion is made at <ha€ 
Figure, and once afterwards. 

Eliventhly^ The Quotient that is thus found being the Value 
'of #, or the unknown Quantity, it is added to the Number 
firfl fuppofed to be the Root of the Equation, which is repre« 
•fen ted by r, and this Sum is the Root required. 

This Operation to find / is the fame as the common Method 
of finding the unknown Quantity, till wt come to. the tenth 
Step, where the unknown Quantity, making part of the Divifor^ 
it is carried to the other Side of the Equation, and the Divifor 
being a known Number -|- /, the Quotient as it is found i^ 
added to the Divifor, to make it compleat as before mentioned. 

But if this Number (hould not be the true Root, the Opera« 
tion muft be repeated, making the Number thus found zzr^ 
and at the fecond Operation the Work, in any common Cafe» 
will be fufficiently exaS : And from the repetition of the Ope- 
ration, whereby we approach nearer and nearer to the true Root, 
this Method is called the Method of Cenvirging Serhs^ or of 
Jlpproximatim, 

Exampli 2. Suppole tfaj-{-atf-}-^^=^ 4^997^5 o> to find a. 

I imagine ^tobe - - - - - ^ 30d 
Then the Cube of a^ ox aa a v^ • - 27000000 
And the Square of a^ ox o a is - - - 90000 

Thefc being added, becaufe it is aaa^^-a a-^-aX 27000700 
in the given ^uation, the Sum is - - 3 7090300 

But 42997850, the given Equation, is greater than 27090300^ 
therefore the Root muft be more than 300. 

H h Notr 
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Now let r = 30O9 and = what 300 wants of the tnie 
Root. 



Then 

1 + 2 + 3 

But 

4 • 5 
6 in Numbers 

That is 

8 — 27090300 

9 -7- 901 

40.^300.334+* 



I 
2 



3 

4 



5 
6 



,1 



8 

9 
10 



II 



r + ^ = tf 

rrr-{-3rr+3r// 1 According to Parti- 
•^ae'siaiia \ cular 4, Art. 68* 
rr+2r#+#c=tfiiJ 

= aaa'^aa'+>a^ by Particular 5 

and 6, Art. 68. 
tfdr0+tfa-f.tf = 42997850, from the 

given Equation, 
ir+#+r r r+3 r r ^+3 r / #+r r+2 r i 
I + ^ ^ = 43^997850 

y I 3OO+/-4-27OOOOOO+27OOOO*4^0Otf 

+ 90000 + 600 / -}- / ^ = 42997850 

270903004*270601 /+9^i ^r =42997850 

270601^ + 901 ^ / = 15907550 
300.334/+^/= 17655.43, from Par. 
ticular 8, Art. 68. 

e = ^y^iS'^i ^ f^^ Par.ticular 9, 
300.334+^ (Art 68. 



300.334) 17655-43 (5 0.34 =^ the firft Figure being in 
^ the Place of T^ns, Place the 5 

under the Place of Tens in the 
Divifor, and this the Reader is 
to obferve ; to place the Quo- 
tient Figures he adds to the Di- 
vifor, under thofe of the fame 
Denomination. 



Divifor 350.334 1751670 
50.3 



Divifor 400.664 
.34 

^Divifor 401.004 



1387300 
I20I982 



1853980 
I6040I6 

249964 



r := 300 

4f= 50.34 



r + ^ = 350:34 = a, hence I fuppofe the Root of the given 
'Equation is 350.34 but to try it, raifc 350.34 to the fcverai 
Powers of a in the given Equation. 



X» ' ■ .^ 



ti — 
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^3:$^ 



o — 350.34 

g = 350-34 

140136 
105 102 
1751700 
105102 



a ttzzz 122738.1156 
a zu 350-34 

4909524624 
3682143468 ' 
61369057800 
368214^68 

)0^^ 



4iaa:=2 4300007^419304 
tfa= 1^2738.1156 
az=i 350.34 

Then <<tftf + tftf + tf= 43123159.874904, which being 
greater then 42997850 the Root cannot be io much as 350^34 
and this leads us to explain the Method when the Number 
affumcd is greater than the true Root, or, 

CASE 2. . 

Let us take the laft Example^ viz. aaa+aa +« :5= 42997850. 

And fuppofe the Root to be 350.34 which we know is too 
much by the laft Operation : 

• That now put ^z;: the Number to be fubftrafted from 350.34 
fuppofing r=: 350.34 and to r connefling e by the Sign — , 

Wie have, 

I 1 r-.=^7, or the true Roofj g p^^^j^^^ 

lar 4. Art^ 
68. 



J ®- 3 

I G' 2 



rrr — ^^re^^^ee — eeel^ 
znaaa ^ • f 



Now coUea thefc three Equations by Art. 68, Particular 5 and 
6, and rejefting eee 'wc have, 

^ r~^e^r r r-^3 r r ^+3 ^ ' '+'* r--^^ r e 

J^eez:^aaa^aa^a' . > 

5 aaa-^aa-^a^z 42997850, from the 

given Equation. 
6. r-T-^+rrr— 3rr^+3r//-|-rr— 2ri 
-1^^^ = 42997850 
JI h 2 6 In 



1+2 + 3 
But 

4- 5 
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6 In Numbcri 



That is 



8 — 



9 + 



jo — 



II -7- 



12 -^ 



8 



10 



II 



12 



13 



350.34 — /-f- 4300007 1. 42 — 368214. 
3468 ^4-1051.02'^ ^+122738. 1156 
— 700.68 ^ -l- # ^ = 42997850. 

43^^3159 8765 — 368916.0268 e + 
1052.02 eez=. 42997850 

Now tranfpore 42997850, it being lefs 
then 43 1 23 15 9. 8765 

125309.8765 — 368916.0268 i -+- 
1 05 2.02 / ^ = Of for one Side of the 
Equation being fubftraded from the 
other Side, the Remainder muft be 
notbingy as both Sides of the Equation 
are equal. Then tranfpofe the feveral 
Quantities which contain t to the o- 
ther Side of the Equation. 

125^09.8765 -f- 1052.02 i e^z 3689- 
16.0268 e 

368916.0268 tf — 1052.02 /f= 1253- 
09.8765 

Here dividing by the Co-efficient of ej 
as before. 

350.673/ — ^/=ii9.ii35 

But no\v divide by the Co- efficient of <» 
minus e. 

e — "9- "3 5 
350.673— < 



In Numbers. 

350.673) 119.1135 (.34 
— -3 



pivifor 350.373 I0|io68 
— -34 



— ^ — — 1400670 
Divifor 350.033 1400132 



538 

Having thus determined / to be .34 it muft now be fubftrad- 
ed from r, becaufe it was afllimed r — / = the true Root. 

]3ut it was iuppofed r r=: 350.34 
*— ^, which we have found =1 .34 

lience 



r — # = 35p» =;: a, th« Root of tlie given 

ad<c^^4 
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9ikSted Equation, which is proved by raifing 350. to the feveral 
Powers of a in the given Equation, 

Thus, a a a-^z 42875000 
tf tf = 122500 

tf = 350 ' 

Confequently aaa-^^aa^az^i 42997850 which being the 
fame Number as in the given Equation, it (hows that « is 
cxaftly equal to 350. 

In the above Operation, at the thirteenth Step the Learner may 
obferve, that the Divifor is 350.673 -^—z, therefore here, as thf^ 
Quotient Figure is found, we fyhftraif it from the Part of the' 
Divifor 350.656 to have the Divifor compleat, which is likewife 
done twice, once before the Divifion is made at that Figure, 
and once afterwards : but in the iirft Cafi when r is afiiimed 
too little, then the Quotient Figure is added as at Particular 10, 
Art. 68. the Sign then being contrary to what it is now. 

The Learner may further obferve, that by this fecond Ope* 
ration, we have found the trui Roof^ whereas by the firft Oper 
ration it was .34 too much, and therefore if the true Root does 
vol come out at the firil Operation, make a fecond Operation, 
fuppofing the Number found at the firft Operation to be r, and 
call it r -|- '» or r -*— r, for the true Root as the occafion requires, 
that b, as the Number is either greater or fefler than the true 
Root ; which fecond Operation will give the true Root vtty 
near, and near enough for any common Cafe, though if the 
Arithmetical Divifions were continued as they would not ter- 
minate, they do not give the true Root exaAly, it being like 
the Divifion of fome Decimal Fractions which never terminates^ 
and as in thefe Divifions we leave ofF when the Quotient is to a 
fufficient Degree of Exadnefs, fo the fame is done here when 
we are near enough the Truth ; and in common Cafes, two or 
three Places of Decimal Fradions are fuflicient, and according 
as they happen to be chofe the true Root is fomctimes found ; 
though in general you may continue the Divifion, at the fgcani 
Operation^ to as many Places of Decimal Fractions as there are 
FraAions in the Number found in the firji Operati§n^ which 
Number in xht fecond Operaiidn is put = r : And after the Num-- 
ber found at the fecond Operation is added to, or fubftraded 
from, the Number found at the firft Operation, for that is now 
ssr, if there is a very fmall FraAion you may rejed it; 
but if the FraAion Ihould be near Unityy then take i for it, 
which add to the Inters, and try whether the whole Number 
(bus found is qot the true Root., la Arithmetical Queftions 

• whew 
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where Anfwers are often in whole Numbers, this Caution may 
help the Learner to choofe thetrue Root exadly. 

The reafon why this Method does not abfilutefy give the true 
Jloot is the arbitrary rejedting all the Powers of i above e e. 

Example j. Admit aaa^^aa^az^z 46526760, to find a. 

Now fuppofe a = 400. 

Then aaa vi - - - • - 64000000 

And a a IS 160000, which muft he /ub/lra^idl 160000 
ftecaule ithy^aa in the given Equation. - 5 

6384OOOQ 

400 



To which adding a, or 400^ h being -4-*^ >" } 
the given Equation . . • r j 

Hence tf tftf'— tftf + tf is - - - 



63840406 



Hence 


I 


I ©•s 


2 


1^2 


3J 



Which exceeding 46526760 the Number in the given £cpia- 
tion, a muft be lefs than 400. 

Theorlet r =: 400, # =: the Number that 400 is too much, 
being the ftccnd Cafe. 

r '^izza 

rr — 2r^ + ^'=^^ 

Becaufe in the given Equation the Quantities aaa and a are 
fgffirmativi, therefore add the firft and fecond Equations together. 

I -J. 2 [ 4 I r — e'\'rrr — 3rr^-|-3r^^ — eei=uiaa'{'a 

Becaufe in the given Equation it is — aa^ therefore fubftra^ 
the third Equation from the fourth, or Sum of the firft and fecond 
Equations. And here the Reader is to obferve, that if in the 
given adfeded Equation, any Powers of the unknown Quantity 
have the Sign -— , the Equation which arifes ffom involving 
r 4^# to fuch Powers, is to be fuhfiraffed inftead of being added. 



4—3 
But 

5.6 



5 
6 



r— ^i+r r r-^3 r r #+3 r ^ fr— / # /— r r 
-f- 2 r # — ^ / =: tf tf tf -— 17 fl -|- tf 

aaa — aa J^^ az=i ^b^ibjbo^ by the 
given Equation, 

rm^i^r r r*— 3 r r ^-{-3 r i €r^ 9 i'^rr 
Hh 2 ^'^ *^^ ^ B 46526760 

putting 
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Putting this Equation in Numbers, and reje^ing all the Powers 
of e above ee. 



7 in Numbers 



8 contracted 



9 — 

10 + 

11 — 

12^ 



8 



13 -^ 



10 



II 

12 

13 



14 



400 — / + 64000000 — 480000 e 4- 
1200^^ — 160000 -+. 8oo# — ^/ = 
46526760 

63840400 -+• 1 199 * ^ — 479201 iss 

46526760 
Tranfpofe 46526760 it being lefi than 

63840400 
17313640+ 1199^^ — 479201 ^ = 
Then tranfpofe the Quantities that have 

/, to the other Side of the Equation. 
479201/ = 17313640+ ii99#^ 
479201 # — 1199//= 17313640 
Dividing by the Co-efficient of ^ e» 
399.66 / — ^ / = 14440.06 
Novv dividing hy the Co-efficient of /^ 

mimts e. 

14440.06 

~ 399.66^ 



In Numbers thus. 



399.66} 14440.06 (40.16 ==:#^ 
40. 



Divifor 359.66 143864 
— 40. 1 — 



Divifor 319.56 
— .16 



Divifor 319.40 



53660 
31956 

Ml IN 

217040 
I9I64O 

25400 



Now r = 400 
— tf=: 40.16 



r — # = 359*84 =^9 and to try if this k the true Root^ 
raife it to the fcveral Powers of a^ in the given Equation, 



c 



as 
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a = 359.84 
a = 359.84 

143936 

487872 

323850 
179920 

»0795» 

tftf= 129484.8256 
g= 359-84 

5J79393OH 
XO358786O48 

"653634504 

6474241280 

3884544768 

41 tf tf = 465938 19*643904 
, •— tftf=: 129484.8256 

Remains 46464334.818304 
+ ^= 359-84 

Suniy or «tfii«-ii 4+^=46464694.658304 whieh being 
lefs than 46526760 the Number in the giyen Equation, the Root 
or a muft be more than 359*84. 

Therefore, for a Tecond Operation, fuppofe r = 359.84 and 
#= what it wants df the true Root, then it being r -^ /=:«, 
it is now the firft Cafe. 



Therefore 
1^3 

1^2 



1+2 



4—3 
But 

5.6 



I 
2 

3 



Isa ^ 



6 

7 



r r r 4- 3 r r # + 3 r # # -f* ^/ / =tf tf « 

rr-4«2rtf-f»/tf=;tftf 

Add this firft and fecond Equation toge- 
ther, becaufe in xhe given Equation 
it is O'^aaa. 

From this Equation, fubftrad the third 
Equation, becaufe it is — - ^ « in the 
given Equation. 

•— 2r/ — ^# = atfj — aa ^a 

aaa^^aaJ^^a=z ^^26^60 by the 
given Equation, 

rrr+3rr/-f.3rf^-f>r/^+ r . [ ^ r r 

. — 2 r^~r<= 46526760 

Pat 



^ ill Numbers 

8 contraded 
9 — 
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Put this Equation in Numbers,, and re- 
jcft the Powers of e, above e i. 

8 46593819.644 + 388434.4768^ + 
1079.52 e ^+359-84+* — 1 29484,8256 
— 7 19.68 e — iiz=. 46526760 

9 46464694.6584 -f. 387715-7968 e + 
1078.52 ee=i 46526760 

10 387735.7968^ -+ 1078.52 ^# =s 
62005.3416 
Dividing by the Co-efficient of et. 

359.5 ^ + ^/=i57.547 ^ . 

Now dividing by the Co-emcient of /^ 

plus i. 

,_ 57-547 



II 



359-5+^ 



12.-7- 1 12 

In >tumber8 thus. 

359-5) $7-54> (.16^^. 
+ .1 

Divifor 359.6 "359^6 
.16 



215870 



Divifor 359.76 215856 

H 

The Reader will obferve that th this Divifion^ t haver tiktti at 
ol)ce two Figures from the Dividend, viz. 70, becaufe in adding 
tlie .16 to the DiVifor, the Number of Places there is increafed 
bjr one, therefore I take one Figure more from the Dividend 
th^h is ufual I which is recommended to the Reader's Attention^ 
as he may agaiii meet with the fame Cafe. 

Now r= 359.84 
+ i= .16 



r + ^ = 360.00=^7, which will be found to be the true Root, 
by involving it to the feveral Powers of a in the given Equation, 
and adding or fubftra^ling them according as thofe I'owers of a 
are there connected by the Signs -r or — . 

It may not be improper to inform the Learner, that the nearer 
tbp Number is taken to the true Root, the nearer the Opera- 
tion will come to the Truth, and therefore after he has tried the 
J&y? Suppojition^ if he thinks )ie can make a fecond Suppofition 

I i nearer 
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nearer the Truth, it may be convenient to do it» which perhaps 
may bring out the Root fo near at the firft, that it may (ave 
bim the Trouble of making a fecbnd Operation. Thus> 

I( aaa'{'aa + a = 4942070, to find a. 



Suppofe tf to be loo. 
Then the Cube of a^ or a a d \a 
And the Square of a^ ot aa i» 
And tf 18 - 



loooooo 

1 0000 
100 



lOIOIOO 



The Number in the given Equation is 
If we fuppofe a = 100, then the Sum of its I 
feveral Powers arc - - - - 5 

Difference wanting 

Now let us make 1 fecond Suppofitionj thusj 

If azzn 200, 

Then the Cube of a^ or aa a i$ 

And the Square of a^ or aa i$ 

And « is - - - 



4942070 

lOIOIOO 

3931970 



Sooodoo 
40000 



200 



Sum of the feveral Powers of j, if 17 is 200 
The Number in the given Equation 

Difference w/r - - - - 



8040200 
4942070 

3098130 



And as the Difference on tbcfefond Sun;x>(ttiQii is not fo much 
as the Di&rence on the firji Suppofltion, I conclude that 200 is 
nearer the true Root of the given Equation than 100, therefore 
it is beft to proceed upon that Suppofition, and as the Sum of tbe 
Powers of a wJien a is 206, is greater than the Number in the 
given Equation, hence 200 is greater than tbe true Root, there* 
fore proceed as at Cafe 2, Page 235 ; a little Attention will affift 
the Learner in making thefe Suppofitions. 

Having explained the Method of refolving adfe£led Equations^ 
/we proceed to.fucb Quefiions.as produce thefe Equttions^ 



The 
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The Manner of folving Equations, when 
the unknown Quantity has feveral Powers 
in one Equation, aiid only to the firft 
Power in another Equation. 

69«Xlr7H£N the unknown Quantities are to the Square and 
V V firft Power in one Equation, and but to the firft Power 
in the other Equation; then find the Value of that unknown 
Quantity, in the Equation where its Terms are the more fimple, 
xaife this Equation, or Value of the unknown Quantity, to the 
feveral Powers the unknown Quantity has in the other Equayon ; 
then in that Equation for the feveral Powers of the unknown 
Quantity, write, or put thefe Values, which exterminatis that 
unknown Quantity, leaving an Equation with only one un- 
known Quantity, which may be refolved by fome of the Me- 
thods already explained. 

Queflion 8i. Then dn two Numbers y that if the Square of the 
greater it divided by the leffer^ to this patient adding the greater^ 
from which Sum fubft raffing the Square rf the lejfer^ the Remain* 
dir is 100 : 

jfnd the Sum of the two Numbers is 50. What are the Num- 
bers fought? 



Let tf s; the greater, / =s the leffer Number, m = ioq, 
^ == SO. . 

g "T^ ^* > By the Queftion, 
a^$^p ) 



I 

2 



In the firft Equation both the unknown Quantities are to the 
firft and fecond Power, but in the fecond Equation they are on- 
ly to the firft Power ; therefore, according to the Directions, find 
the Value of a or /, in the fecond Equation. 

2—^1 3|fl=^^« 

Becaufe a is to the fecond Power in. the firft Equation, raife 
Ibe third ]p)quation to the fecond Power. 

li 2 3©- 
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3 r 4 



Now for tf tf and tf in the firft {Iqu^tion, write their refpec 
tivc Values, or pp^rr^pi-^-a^ and ^ — ^, found by the third 
^ and fourth Equations, then we have, 

■ . -r- -+- p — — t — / < =: i!9, an 

Equation from which ii is extermi* 
nated, and contains only the unknown 
Quantity /. 
pp — ipiJ^ti^pe- — i i'T^i $ e^=^vfit 

PP — per^i e e=fme 
P P ' — p i "^^fn i ^ ^ e f 
p p ^ e i f'^' m i -{-p i 

II I ^ / ^ 4- 150 e z=i 2500 



5x/ 

That is 

*j -\' e e e 

9 in Numbers 
That is 



7 
8 

9 

10 



Here the Equation appear5 to be adfeSled^ and ^o rcfolve it,, 
let us fuppofc ^ = 9. 

Then eee-^z 729 
And 150*= 1350 



207^ which being lefs than 25pp» therefore t 
inuft be fhore than g. 

Then let r =s 9, and y ^ what 9 wants of the tru^ Value of 
r^ then by Cafe i. Art. 67, we have, 

I r+;f=:/ 
1^3 2 rrr+3rrjr + 3 rj^ysz^*/, rcjcaing 
I the Powers of y above yy. 

Becaule in the given Equation e is multiplied by 150, there? 
fofe multiply the firft Step by 150. 

IX 17^ I 3l ISO r+ 150;^ = 150^ 

Now add the fccond and third Equations together, becau(^ 
the like Powers of / in the adfeaed Equation, are conneflied by 
the Sign 4-. ^ . • . A 



2 + 3 
But 



4 

5 



rrr + 3rry4-3 ry;r+i5o r 4-150/ 

^''+150^ = 2500, by the gitrcn 
Eauation. '' 

4-1 
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•^ 



4 • 5 


6 


rrr-^^Z^ry+Z^yy+^S^r+lSOy— 


6 In Numbers 

7 contraded 
^ — 2079 


r 

8 
9 


2500 , 
729 + 243^^ + 27 j^j^+i3SP+JSo;^=? 

2500' 

^79 + Z9iy + 27 yy= 2500 

Dividing by the Co-efficient of yy. 


9-^?7 


?o 


Now dividing by the Co-cfficicnj of y 
plus y. 


fO-r-I4-4*+i 


II 


y = '^^ , > 
H-55+J' 


" operation 14.55) ^S-S^ ('•^J' 

I. 


Diyifor 15,55 


* 

3 Remainder ncglefted. 



r-f-;^= 10 = ^, which being involved and tried wljl be found 
tp be the true Root : Hence lo is the lefier Number fought. 

Then by the third Step of the Work to the Quipftion tf = ^ 
-r- ' =? 40, thp greater Number fought. 

In the Divifion ifor finding y^ the Learner may obfcrve, that 
as the two next Figures in the Quotient will be Cyphers^ and in 
the Places of Fra£liolns» and the third Figure in the Place of 
Fradions being of fo fmall a Value, I proceed no further in the 
pivifion but leave it as in the Work, and fo happen to find the 
true Value of /, 

Queftion %z* Two Metiy A and B, J^fcourftng of their Money^ 
A who had the moft fayt /0 B, if my Money was divided By your*Sj 
and from that ^otient fuhftraSiing three times the Square ofyouf^s^ 
and to this Remainder adding th$ Square of mine, the Sum is 27 
Pounds: 

But if your Money is JuhJiraSledfrom fnine^ the Remainder if 5 
Pounds. How many Pounds had each Man ? 

Put a s: the Money of A, # =: the Money of B, d:=L 27, 

T -3^'+"==^Ly the Queftion. 

Here 



I 

2 



tf -— ^ = I* 
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Here Ive find a tnd / are both to the firft and Teoond Power m 
the firft Equation, and to the firft Power only in the fecoad £- 
quatioo, therefore by the Diredions find the Value of a^ or /, 
in the fecoiMl Equation^ fuppofe we find the Value of a. 

Raife this to the fecond Power, becaufb a is to the fecond 
Power in the firft Equation. 

Then for « and tf a in the firft Equation, write thefe refpedive 
Values, or jr +#, and xx-^zx e-^-et. 



3 • 4 



5 ^* 

That is 

7 in Numbers 
g— lO/f 

10 — f 



x + i 



— 3//«{«jir;ir4-2jir^-f>^#r=ii(, here 



a is exterminated, for the Equation 
contains only the unknown Quantity t. 
X'\'i''^'^iei'{'XXi'\;^M€e'j^ erzii 
x\*4'^7.iie'X-xxi'\'7.xte'r:ide 

5 4-^ + ^5^+ io#/=2#/f -A-27^ 



9 

10 

It 



To refolve this Equation, foppofc r =£^ 6. 

Then 2r#« = 432 
*-^io// = — 360 






78 which being greater than j^ the Num- 
ber in the given Equation, hence c cannot be fo mudi sur 6, 
therefore, 

Let r =: 6, and y =£ what ^ is too much, tben by. G^y} h 
Article 68. 



r j^3 



1 
2 



f rr — 3r ry-4-*3f*yy = /^/ rcjefting 
the Powers of y above yy. 

Becaufe 
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Becaufe in the given Equation m h multiplied ky 2^ there- 
fore multiply the laft Equation by 2. 

2xl\ 3 1 arrri— 6rry+6ryjr=:2##/ 

Now raife r-^y^^a to the fecond Power, after which multi* 
ply it by 10, becaufe it is 10 #/ in the given adfedcd Equation* 



4.x lol 5 I lOrr— 20ry-f»iOy> = 



lOii 



Then add, or fubftrad the Equations that are equal to 2 ^ # ^9 
10 « / and «, according as thofe Quantities have the Signs Hh 
or --^ in the given adfe^id Equation. 

2r r r— 6 r ry+6 ry y — lor r +20 ry 
— loyy+r-— y=2 / * *— 10 ss»-^^0 

y:\Jieii -^10 a ^0:=:^ $9 bythegiveA 

Equation. 
8 2rrr— 6rry+6ryy— lorr+aorjl 
— - loyy -+• r — y = 5 
432 — 2i6y-+- 36y y — 360-+* I20y 
~ioyy4*6~y=S 
10 78— 97J'4-a6yy=s5 



S— 5 + 1 
Bui 

6.7 

& int Numbers 

9 contraded 



Tranfpofe 5 it being lefs than 78. 



10—7 



u+97y 
12 — 26yy 

l3-ri5 



II 



12 

4 



'14-5- J73— J' 



IS 



73 — 97y + 26yy=Qi fer one Side 
of the Equation fubftraded from the 
other, the Remainder muft be mtbing^ 
both Sides of the Equation being equal 
to one another. 

73+,26yy=r97y 

oyjr — 26yy = 73 

Divide by the Co-efficient of y y. 

Now divide by the Co-efficient of y 
minus y. 

-.- ^'8Q7 

^ ~ 3-73— ^ 



Operation 3.73) 2.807 ('• =J^ 
' — - 1. 

2-73 



Divifor 2.73 



7 Remainder nc^edieJi 



r = 6 



24^ ALGEBRA. 

r = 6 

r — ;r = 5 =: /, which bbing IriVblv^d and tried it will btf 
found to be the true Rootj hence B had 5 i^Muids. 

Then by the third Step Of the Work to the Queftion ai=z:i 
J^izs 10 Pounds, the Money A had. 

70. Eviry adfeifii Equation has as many Ro^ts eiibgr real or lanH 
ginary, at an the bigbefi Dimenjions of its unknown ^antiiy. 

It may not be amifs to indulge the Guriofity of the 
Learner, to (how him adfeded Equations have ais many Roots 
as they have Dimenfions, that is, if the higheft Power of the 
unknown Quantity is the BiquadratiCi or fourth Power, then 
there may be four Values of the unknown Quantity ; if it is on- 
ly to the third Power, then there may be three Values of the 
unknown Quantity and fo on : But there cannot be more Roota^ 
than there are Dimenfions in the Equation* 

Thefe Roots are fometimes affirmativi^ and fometimes mga^ 
thi^ and fome Roots are impofflblo. The R^er obferving Ik^w 
Qiiadratic Equations were compounded and generated, may better 
underftand the Nature of thefe Roots. Thus, 

Suppofe fl =: 1, then tf — i = o, again fuppofe « z= 2, then 

a — 2 = 0. 

Now multiply thefe two together •« - ^ ^-^ i = o 

tf — 2 = o 

a a — a 

— 2 tf + ^ 

An Equation of two Dimenfions, which I ] 

has two Roots, VIZ. I and 2. ._ - Jfl^ — 3^ + 2 = 

Again^ let « =1 3, then - - - a 3 = 

aa a — -3tfi7-f-2a 
— 3^^-4*9^ — 6 

From multiplying thde togetfcer, we hate an -i 

Equition of three Dimenfions, and which has f tftftf-— 6^a-l-«II tf 6— ^Q 

3 Roots, v/«. I . 2 and 3. - . - - J "^ . . ' "^^ 

Laftly, fuppofe az=: — 5, then - - ^ + 5 = o 

aaaa — 6 a ^ ^ -f. 1 1 a ^ _ 6 ^ 
'^Saaa — 30 ^^ + 55^ — 30 

An Equation of 4 Dimenfions, and •% 
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By the fame Method that we found the two Roots in Qua* 
dratic Equations, we may find the Roots of thefe Equations. 
. For fuppofe we had this Equation aaa a — a a a — I9atf-|~49^ 
«^ 30 = o giveh) which being refolved by the Method of Con^ 
^^'"ging Series f we fhall find ^ =: 1, whence i is one of the Roots 
of the given adfedled Equation ; now tranfpofe i to make it 
a — I :r: 0, take the, given Equation and make it equal to no^ 
things and dividing the given Equation by a — 1, the Quotient 
Aiuft be equal to nothings thus, 

^—1=0) aaaa — aaa^^igaa^/[()a — 30=20 (^Jtf— l9<7-|*30=so 
aaaa^^aaa 

— 19<7<7-{-49<?-^36 



30^—30 
30^—36' 



Here we find the Quotient to be aaa — 19 l1^-f. 36 =z o, and 
by the Solution of this Equation we (hall find tf ~ 3> for ano- 
ther of the Roots of the given adfe£led Equation. 

Then a — 3=0) ^tfa-— i9a-}-'30 = (tftf+3 ^— lo=:o 

aaa — 'la a 

3 /7 tf — 19 tf + 30 
3<iii-— 9 /I 



i*w 



— «o tf + 30 



Hence we have got this Equation tfj-|-3a-*— 10=0* whence 
^^-f-3^=^o» ^^^ two Roots of which are 2 and— -5, the 
two remaining Roots of the given adfeded Equation ; in the 
fame Manner all the poffible Roots of any other Equation are 
determined. 

And to give the Learner an infiance where fome of the Roots 
of an Equation are impoffible : 

Suppofe aaa'^^Afaa'\'\a'^\fi'=zOy by tranfpofing 16 and 
lefolving the Equation, we (hall find a = 4 : Then tranfpofing 4 
to niake it a — 4^0, and making the given Equation equal to 
nothing and dividing thus, 

Kk « — 4 



2 so 



J — 4 = 



A L G E B R J. 

o) tftftf — 4tftf + 4tf— l6x:o'(tftf + 4 
tf A J— -4^ tf 



= 



4^ — 16 
417 — 16 



Becaufe the Dividend and Divifor are both efual to nothings 
therefore the Quotient muft be equal to nothings but i{ a a 
4. 4 = o, then aazzi — 4 an Equation which has no real or 
pfl^t Root in Nature^ it being impoffible to generate or produce 
a nigaiive Square, for minus multiplied into mnus^ as well as, 
plus multiplied into pks^ makes the ProduA affirmative^ or plus. 

Queftion 83. Tbrn Msrcbanis^ A^ B, and C, found that 
what A and B bad gairnd was equal to twice what C bad 
gained : 

But if A*s Gain was added to twice B'/ Gain^ and this Sum 
added to what C gained^ it made 19 Pounds,: 

And the Sum of the Squares of each Per/on*s Gain was equal to 
77 Pounds. How much did each P erf on Gain ? 

Let a = the Gain of A, / = the Gain of B, jr = the Gaifl of 
C, J»=i9, ^:^77- 

a + ezz2y 1 

a^%e+y^=:m ^ By the Queftion. 
aa-^-ee-^yyss^pJ 

# = 2 jf — e. Raife this Equation to the 
iecond Power, it being a tf at the 
third Equation. 

aaz=:4.yy^^j^ye'{'ee 

* Now for tf, and a a in the fecond and third Equations write 
their refpedive Values, viz. 2y — e^ and 4;^;^ — 4;^^+^^* 



I 

a 

3 

I— V 4 

4.®' 2 5 



2 • 

3 • 



4 I 6\3y + e = m 

5I 7iSyy'-'^yc + 2ee = p 



Here the Queflion is reduced to two Equations and two un- 
known Quantities, for a is exterminated, therefore in the fixth 
Equation, find- the Vahie of /, or y^ and raife it to the iecond 
Power, for thofe Quantities are to the fecond Power in "the 
leventh Equation. 

6 — 3 






9x2 



Of folving Equations, &c. 
8 



.^5^ 



9 



10 



si^zmat'-^biftty^gyy Multiply this 
Equation by 2, becaufe^it h 7,ci ia 
tbe reventli Equation. 



Now in the feventh Equation for e and 2 / ^ write their Va- 
lues at the eighth and tenth Steps. 



7 . 8 . 10 



11 contracted 

12 "-^ 2 m m 



II 



12 
^3. 



'3-^35 

14 ^ Q 



14 

IS 



Syy — 4ym+i2yy'\'2mm^^i2my+i%yy 
=^, an Equation with only the un* 
known Quantity y. 

35 J' y "^ I ^ ^y + 2^«i w» = ^ 

iSyy — i6/w^=^ — 2m my here the 
Equation appears fuadrattc^ and it is 
likeWife ambiguous^ for 2mm is 
gl'eater than p. 

16 my j> — 2mm 

iT ~ 35 

i6my . 2<o mm 2%omm 

yy -— + ~ 



yy 



35 4900 

p •— 2 OT m 



4900 



35 



16 xn 



The Q)-eflSicient of y is , which being divided by 2, or 



35 



2 

1^ by the Rule in common Arithmetic fcwr Divifion of Vul- 

gar FraAions, the Quotient is — -, tbe Square of which is 
2^6 mm 



4900 



16 + 



15 IIRI 2 

16 m 



70 



By the 8th Step 
JBjr the. fourth Step 



16 



17 



18 
19 



16 « Jr2K.bmm , p — 2mm 

70 4900 ^ 35 

16171^ /2s6«/7i , p—2mm 

•^. 70 -^ 4900 ' 35 

=4.9999, dr 3.6857 
But 4.9999 ^^ ^^^ Number, the Anfwer 

beings, then if jf =55 
/ = /« — 3^3=4 
asi2jf~^3z6 

iC k 2 QueftioA 
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Queftion 84. A* B, and C, having ban at the Gaming-TaUes^ 
fmnd tbi L$fs of A added t9 the Lofs of C was ejual to twice tbo 
Lofi of B: 

But tbe Lofs of A added to the L(fs of B, and this added to 
twice tbe Lofs of C, tbe Sum was 22 Pounds : 

And the Product of what A and B loft^ being added to three 
times tbe ProduSf of what B and C /j/f, the Sum was 120 Pounds. 
How much did each P erf on lofe? 



Let tf = the Sum A loft, #= the Sum B bft, y 
C loft, d:=i 22, If = 120. 



the Sum 



j—y 

2 • 4 

3 • 4 



I 
2 

3 

4 

I 




tf +jr= 2 

aJ^e'\'^y 

ae + 2ey 

a =: 2 e — ^ 

3e+y=id 

2ee-^ey + 3ey=:n 



By the Queftion. 



By the fifth and fixth Steps, the Queftion is reduced to two 
Equations, and two unknown Quantities, and becaufe y is only 
fo the iirft Powisr ia both Equations, find the Value of j^ in cac^ 
of them. 



5-3' 

6-— 2## 
8-f-2/ 



7 • 9 

10 X 2 ^ 

ti -{-« 6 ^ « 

12 — n 
13 — 2de 



f4-^4 

?5^ o 



7 
8 



10 

II 

12 

13 

14 



IS 



16 



y = rf— 3/ 
2/y = ff — r2#f 

»— - 2ee 

y = . 



«-— 2/* 

2e 



2e 

z=d 



3' 



» 7^ 2 « / r= 2 tif / «— 6 ^ e 
^ee'\'n^=:2de 
4//=2i/«—- » 

4^*— 2^* = — If 

Here the Equation is quadratic and am- 
biguous. 

de n 

ee— — _— _ 

d e dd dd H ^ . 

^ ^~ ":r + -T = -T — — for the 
2 ' 16 16 4 

Co-efficient of ^ is — , which being 

2 

divided by 2 as in the laft Queftion, 

the 
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»53 



l6 tni 2 

d 
17-1 

Then by Step 7th 
And by Step 4th 



17 
18 



19 

20 



the Quotient is — , the Squtrt of 

4 

dd 

which is —7. 
10 

4 16 4 

(=6y or 4, if / = 6, 
jf = rf— 3* = 4 

tf ^ 2 *— ^ =: 8 



But if f = 4, then by the feventh Stepy = ^/ — 3^=10, 
ai^d by the fourth Step tf = 2 ^ — y = — r 2, which is an Impoffi- 
bility for a an afffrmativi Quantity, to be equal to — 2 a nega- 
tivi Quantity. Therefore the Ix)fs of A was 8 Pounds, the 
Lofs of 3 was 6 Pounds, and the Lofs of C was 4 Pounds. 

Queftion 85. There are two Numbers j that the Sum of their 
Squares added to their Suntj is 338 : 

Jnd their Produ^f is 156. frbat are the Numbers ? 

Let a and*, be the two Numbers fought, * = 338, m=zi^6. 



Then 



1-5-/ 



3^2 
1.3-4 



S X /' 



Hence 



I 
2 

3 
4 
5 



aa'^ee-^a-^ezrzb 
a e:=zm 



\ By the Queftton. 



a =: 



aazz, 



m 

e 

m m 

ee 



m m ^ _iw ••■»» 

H^+ r ^ == *» ^"'5 Equa- 

^ ^ ^ tion has the unknown 

Quantity / only. 

mm-J^eeee-^' ^^^ -^eee^zzbee 

But as — - is only em^ the / being re- 
' (jeded by Art. 20. 



There 
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There bciog only the known Quantity m ixr» tranfpofe tbe 
others fi) that m m may be at laft afftrmatiwj and this may be 
obferved that in tranfpofing the Quantities in thefe adfeEtid £- 
quations, ^ the Side of the Equation which is known may at laft 
|k qffirmauvi. 



V- 



'ittt 


8 


^i e i 


9 


'^em 


10 


Or 


11 



II in Numbers 



12 



''^iiii'^^0ii'\'be e^^me'zzmmj it 
being the iK}mmon Method to place 
thefe Equations, according to the 
higheft Power of the unknown Quan- 
tity. 



JJoW fuppofc # == IQ. 



Then —////=:— loooo 

•—#«# = -«- 1000 



mm 



— 1 1000 

+ 338 / # = 33800 



22800 
— 156^ = — 1560 



««»/#/#--— f^/+338/^—i56#= 21240 which being lefs than 
24336 the Number in the given Equation, therefore / muft be 
more than io« 

Let r=: 10) and put y-a^ what it wants of being the true 
Root, 



Then 

x^4 

1^3 
I d* 2 



I 
2 

3 

4 



rrrr'\'^rrry^6rryy^ziei(j all the 
Powers of y above yy being receded. 

^^^A'S ^ ^y'+3 ryy:=:e e /, rcje&ing all 
the Powers of y above yy. 

rr'+2ry'+»yyz=:t$ 

Becaufe in the given Equation it is 338 / ^ therefore multiply 
the fourth Equation by 338. 

4x3381 5 l338rr + 676ry+338yy = 338/# 

Secaufe 
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Becaufein the given Equatioq it is 156^, therefore multiply 
the firft Equation by 156. 

IX 156! 6 I i56r»+i56jf= 156^ 

Now the fecond, thirds fifth, and fixth Equations being equal 
to the feveral Powers of / in the given 'Equation, conned them 
by the fame Signs thofe Powers have in that Equation. 

'^rrrr — /^rrry^^trryy — rrr — 3rry 
— 3^>>+338'-'*+676ry+338yy 
-^I56r— 156^^ = — ^^** — //# 
+ 338 * # — f56 # 

—*#*/—/^*+338//-— 156/=: 24336 
by the given Equation. 

— 3^;';'+338''^+676ry4-338yy 

— 156 r ~ I56y = 24336 
— loooo — 4CX)0 y — 600 yy — lOOO 

— 300 J' — • 30yj' + 33800+ 6760 ji 
+338 yy— 1560— is6y= 24336 

21240 + 2304y — 292 yy = 24336 
2304y — 292yy =r 3096 
Now divide by the Co-efficient of y y. 
7.89 y—y^ = 10.6 
And dividing by the Co^efficient of y 
minus^ y, ^ 

-^-P^y 
Operation 7.89) 10.60 (1.7 =y 



.2— 3+.5— 6 


7 


But 


8 


7.8 


9 


9 in Numbers 


10 


10 contra&ed 


II 


II — 21240 


12 


12-^-292 


»3 


1 

13 -4- 7.69 — jf 


,14 



Divifor 6.89 
— 1.7 



Divifor 5,19 
r= 10 

+y= 1.7 



6.89 

3710 
3633 

77 



T'+'y = 11.7, which being involved and trie<f, it will be found 
too little ; therefore for a fecond Operation, 



Suppofe r=;ii,7 andy = what it wants of the true Root. 

^ . Then 



is6 



ALGEBRA 



Then 



I 

2 

3 

4 



rrrr'^4.rrrf'^6rryy:=zieief thd 
Powers of jr, above jf> being rejected. 

r r r 4"3 '' ^J' 4" 3 ^J')' == * "» the 
Powers ofy^ above jrjr being reje&d^ 

r r -^^ 2 ry +yy = ^* 



Becaufe in the given Equation it is 338 /#, therefore multiply 
the laft Equation by 338. 

4><3pt 5 l338rr + e76r> + 338jrjf = 338M 

Becaiufe in the given Equation it is 156/9 tbetefore multiply 
the firft Equation by 156. 

I X 156 I 6 I 156 r + 156 jr =3 156 / 

Now conneA the Equations that are equal to aeii ith 
338 / 1 and 156 ty by the fiune Signs as thofe Quantities have in 
the given adft£iei Equation^ 



—a— 3 + 5— 6 



Bbt 
7^8 



9 in Numbers 



10 contra&eJ 



II — 



12 



8 



10 



I3-rI.80S— jr 



II 



12 



13 



14 



^^rrrr^^^rrry-^rryy-^rrr-^lff) 
--Zryy-^in^ r r-f-676rj^4.338;; 
— 156 r— 156^=:^— <<#/—/*< 

+ 338'^— 156^ 
—#/#/-»-*/*+338//— 156^=243301 

by the given Equation, 
"^rrrr'^^/^rrry'-^brryy — 'rrr^^%rrj 

— 3''J^J^+338r r+676 ry + 338;; 

^— 156 r — I56jr = 24336 
—•18738.8721 — 6406.452;^ 

— i82i,34yy — 1601.613 — 4x0.67/ 

"~3S- ^yy + 46268.82 4- 7909.2;+ 

338/^ — 1825.2—156^ = 24336 
24103,1349 + 936.078/ -^5 18.44/; 

= 24336 
936.078/ — 518.44/^ = 232.8651 
Dividing by the Co-efficient of //• 
1.805 y—/y = . 4491 
Now dividing by the Co-efficient of /> 

minus yy that is, by 1.805 — f* 

— '4491 

^ - 1.805 —y 

OpentioA 
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Operatipn x.805) .4491 (.297'=5jr, 



.2 



Divilor X.605 321^ 
~ 29 



X2810 



Divifor x.315 11835 
— 97 - 



9750 
Diviibr 1.218 8526 



rzril.jp 
+ jr= .297 



1224 



r-f*jr 11-997 ^ ^> which is fomething too little^ the true Va- 
lue being 12. but this may inform the Learner of the Nature 
of folving thefe high aifeffei Equations, and that every Opera- 
tion approaches nearer and nearer to the true Root, from 
whence it may be found to ally affignable degree of Exa^lnefs. 

And having found i to be X2, then by the third Seep of the 

'Work to the Qucftion, we have « = — =: 13, the other Num- 
ber fought. 

71* Tht Method of nfohing Equations when .thi unknown ^an* 
tity is to feveral Powirs in both Equations. 

When both the unknown Quantities are to the firft a|id 
fecond Power in both Equations, then find the Val^ of the 
Square of the unknown Quantity in each Equation, and make 
thefe two Equations equal to one another ; which Equation will 
have the firft power only of the unknown Quantity, its Square 
being exterminated by the foreeoing Equation. 

Then find the Value of the firft Power of the unknown Quan- 
tity in this laft Equation, which raife to the fecond Power, a^d 
in either of the two given Equations in which it may be moft 
conveniently done; for this unknown Quantity and its feveral 
Powers write their rcfpeAive Values, which will give an Equa- 
tion with only one unknown Q!^^i(y9 ^^^ ia to be reduced 
by the Rujes already explained. 

^ L ) QueftittI 
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Queftion S6. To find 'two Kumhtrt ibai ibi Sum tf if^Af 
Squares is equal to tie lejfer multiplied by 20 : 

Jnd the Square of tbe lejfer bang added to ibeir ProduSfy tbe 
Sum is i6. . ^ 

Let tf = the greater Number, e = the Teffcr Number, m ;= 20^ 

^=10. 

Begin to exterminate ee according to the 
Direaions, that is, find the Value 
of ^ ^ in both the given Equations. 

e e'zz.m e "-^ a a 

ee:=zd — a e 

ffie — aa-zz.d — tf /, here i? *& Exter- 
minated, now find the V^loc of e. 

m e '\' a e — a a z:z d 

mo'^'aezi^zd-^aa 
^^ d'^aa 

m^a 
RaUe'this Value of ^ to the fecond PoWer. 
dd^2daa-^aaaa 



\ 


I 
2 


X •— a a 


3 


■ 2 — at 


4 


3 • 4 


5 


5+«« 


6 

7 


7 -r »i + « 


8 



8^2 



ee'Tz 



mmJ^nma J^aa 



Now in the firfl Equation for e e and ^, write their^ refepeSive 
Values at the eighth a^d ninth Steps. 



9 . 8 



10 



aa 



d d ^ 2 d a a -f- a a a 

m m *\^ 2 m a '^ a a "~ 

md-+^maa 

• an Equation cle^ir of e, 

iw -4" a 

having only the uttknown Qsihtitya. . 

To clear this Equation of the Frafttons,' bbfervc that m m 

:'\:2'm a -^ a a IS the Square of 'm + a^ the former arifiitg 

^from the Involution bf tbe latter by the eighth al)d ninth 

SteK, and in the Multiplication of FraAioh's, it being the fame 

it9 divider the piyifof,' as to multiply the- DivHend, to tiiultifdy 

dd-^^daa-Jl-aaalit '' ^'^'^ ; .^ 

mm + 2ma^aa ' ^^ '^+^* we 4)nly, change tBeDivifbr 

^•i>X5^ ^> ^hat being the Qupt^nt o{mm'^2ma + aa divided 
hym + ay the reft of the Multiplication is the fame as ufuaL 



10 X 10 + ^ 

4 

J4 — - mm tf 17 
14—- m ^^ 

16 in Numbers 
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17^ -T- 2 



Il- 
ia 

16 

17 



18 



'\'2daa^aaaaz=Lmmd^mmaa 

•^m da-\^fna aa 
mmaa-^maa a^aa a a^dd'-^^iaa 

'^-aaaazzL.mmdj^mmaa'^'mdq 
ma a a-^a a a a '\rd d -^-T. d a a-i^a a a a 

^zztfi.ffi d'^tn d^a 
ma a a-^z aaaa-^d d^2 £a a—mda 

• 1^/71 m d f *'■ ..*-p. ,, 

zaaaaJ^maaa^zdaa — mda=mmd 

2aaaa^2oaiia^'p.aa — 320^7=6144 

Becauf^ the Co-efficient of aaaa^ will 

divide the other Co-efficients without 

any RemaiDder:divide by. it. ^^ 

aaaa^loaaa'^i6aa^^i6oazz^^oj2 



Which Equation being refolved by the Method of CMverging 
Seriesy we fliall find 17 = 6, or nearly to it, 6 being the true Root» 
from whence by the eighth Step #=a2« . ; , . .v,«> 

« 

Queftion 87. There are two Number s\ fiat if from the Sum of 
tbi greater added to its 'Square^ . we fuhjlra£l tbeSfuare iff tbe 
Ifjfer^ the Remainder iV 94:- , , . , *• . ,, 1 

N But the Square of the leffer being added to the Uffer^ this Sum. if 
4fual to twice the greater. * 

Let a = the greater Number, e =r the ief&r Number, mcsi^^ 



I 
2 



I +ee 


3 


3 — fn 


4 


2 — t 


5 


4 . 5 


6 


64.« 


1 


7-« 



*+^^-"'^ = ^}BytheQueftan. 
e e -^ e =: 2 if i -^ ' ^- % 

Begin with findi|)g the Value of ^/ ifi 

each Equations .^ 

3 J tf <? + tf =i /«-f- ^ ^ 
a a-^a-^^mzzLoe 
e ezz 2 a -^^ e 

tftf-|-i7-*-m=;:20— -/, here ee is e^* 
terminated, now^ find the Value of e. 
i ^a a ^ a^ — m:=z 2 a 
O'^ a a "-^ m "^ a 

LI 2 d+'m 



il^66 



A L C B B R J. 



84-^ 

10 O*^ 



9 

10 



Raife this Value of / to the fecond Power. 
J^a aaa 



Kow for a tni i in the fecond Equation, write their refpcc- 
tive Values, found at the tenth and eleventh Steps. 

X3 iSia+%S36—2aaa—iiSaa'+aaaa 

+ tf + 94 = ^ ^ 
14 1 xSytf-t-SgjO — laaa-^^iiiaa'^aaaazs^o 

Tranfpofe the fevcral Powers of <r, that 
8930 the known Part of ihc Equa- 
' tion may be affirmative * 
— /itftftf=:l 87^+8930 — 2aaa — l88tf4 
— fltfiitf-+-2tfJ<n=i8742+8930— i88tftf 
— tftftftf-4.2tftftf+i88tf<?=x87tf-h8930 



a . XX . 10 

j2 in Kumben 

13 cofltra&ed 



t^^^ a a a a 

^^ ^ zaaa 

16 -h 188 a a 

J7 — lija 



»5 
x6 

17 



18 I -r^juj+itf Jtf+i88fla^i87a=8930 

Which Equation being refolved we (hall find tf = 10, or near- 
ly to it, 10 being the true Root. 

Then by the tenth Step iz=:a-^m — aa^^ 

We (ball now proceed to the Solution ,of fcveral Geometrical 
problems upon the fame gmeral Principles, and if the Learner h 
not fufficiently acquainted with the Elements 'of Geometry, to 
dtfcover how the Equations are formed from the Properties of 
the Eigure, he may omit thefc Qucftions, and proceed to the 
0then which require no Knowledge in Geometry. 

Qoeftion 88. In the Miaue Triangle ABC, there is given 
the Difference ietween the Sides A C, and B C, or A P = 8, 
and the Difference between the Segments of the Bafe^ tfr A F = XO, 
and the Perpendicular C E = 1 6, let /ail from the vertical Angle C, 
vp9n the Bafe A B, ftf find the Sides AC, C B, and Safe A B. 

Upon C^ as a Center with the Radius C B, draw the Circle 
G B F Di and continue A C to G. 

Hence C B = C D^ as Radius of the fame Circle, whence 
A D is the Difierence of the Sides, or <he Difier^nce between 
AC and CB. 

AM 
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And B£35:£F, asFBis bifleaed at £ by tbe Ihtxm of 
the Perpendicular C E, hence A F is the Difiowce of tbe Scj- 
ments of the Bale, or the Difiereoce between A 1^ and £ B. 



V 



V 
2£^ 2 




*• >%.•••••* 



LetAD:^4/=8, andDC=:CB=:/, then A 0=^4-/. 
Let A F = ^ = 10, and F £ = £ B = ^1, hence A B s;: t 

LctCE=:^=l6. 

Having two unknown Quantities tf, and /, and no Equatiqa 
from the Conditions of the Quefiion, we muft raife two Eqya'* 
tions from the Figure. 

Now the Lines AG and AB aredrawn'from within a CircJii; 
and touch without at the Point A, therefore by 37 ^ • 3 A Q 
^ADsABxAF, atll which Lines are expreiled in iynir 
bols except AG, but CGs:CD = /, and AC=V-f./^ 
therefore A G =: i/ -4^ 2 /, hence we have in Symbols* 

rf-4.2# X rf = ^ -h 2 ii X i the ihort 
Lines over the Quantities, fignifi«| 
that th^ are both to be multiplied bir 
the Quantity which follows the Sin 
of Multiplication. 
But the Triangle C £ B isRight-angIfd» 
therefore by 
2 Pp-^ a a z=:e e 

Now find the Value of either a or /» 

in the third Equation* 
2dissH + %ia — dd 



^ 47 ^ • I 
From the firft 



dd 



But as we fliall have occafion to fquare this Equation, for 
w))cn tbe Value of s is found, thjrt Equation Qiiuft be rai&d to the 

fe«0i54 



fbcpnd Power j U bring ee jX the fi^oi\d Etjuafioii; uni hh 
^4.Jt being a known 'Quantity to avoid Trouble^ fiibftitute 



Then. 



* 



^ y-^ 4 rf 4/ f <f 

ID— ^ AT AT 



5 
6 



7 

8 

9 



2dez:zx*+'2ba 






id 



Raife this to the fecond Power, bccaufe 
it is a lii the fecond Equation. 



^/ = 



1 ^^ ^ 



^dd 



zz:pp-»+<taf an 



* (Equation cfear of r. 

;yj(C^4Jir3tf-f-43^tftf=:4^^p^-f-4Jitftf 

Bring ail the Powers of a^ to one Side 
of the Equation, 

xo I \bba^^^ddaa'\-/^xba'{-xx=.^d'dpp 
Ij 1 \bbaa'^^ddaa+/^xbaz=zj^'ddp p^;fx 

. tiercjthe Equatjog appears qnadratUf the unknown Quantity 
J^ing only to' the firft and fecond Power, but as the Square of 
the unknown (^antIty'hasC6eflktents, therefore by Article 58. 
diyi4e th^ Equition by l^ik-r-^dd^ the Co-efficients of a a, 

. *i ' jA' V \' 4.^'ba A-ddpp — XX 

r • i » 4^^. — 44^<? 4*> — 4Ji 

The Work being now prepared for comphating the Sfian^ hut 
^Ji9 :C#-f^^Vir/ oTa l^ng a f^raftton^ to favc the Trouble of 
MyyiUftg it by ;?» I^^d fquaripg the Quotient s|ccording to Art. 57. 



.Then 13 



.^ 



13/ D- 



14 tt^.A 

k f « < 

IS— ^ 



r <% 



■ J^ljldpt'^^xx 



16 



_ / ^ddpp^ xx .y±._y^ 



j^Bb^-~^dd "*" 4 



= 16.7 



Then 
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*6a 



Then by Step 6th 
Hence 



17 
18 

26' 



' 2 i/ ^ 

CB:3rV£=23e,I5 : 

A;B=3* + 2^=1=434 






Queftron 89. tn ihi Alfpe'Trianglif !A B C, then is given 
8, the Sum of the Sides AC a>td 6 C, ^/li A F = 2, /A^ i>i/. 
ference of the Segrnents of the Bafe^ A E w«i B E, with the Per- 
pendicuiar C E = I, 7^ f^fl fi'om the vertical Anj^ at C upon 
the Bafe A B. To find the Sides A Q, ki»i B C, «»</ tbo 
Safe AB? 




,'.• 
>.#•.,.—.• 



.•• 



• Upon C as a Ceritcr Vtth .,..-► 

the Radius C B, drtiW «ie 
Circle G B F D, and con- 
tinue AC to G. 

ThenCG=isCB==CIX 
being all Radii of the 
'fimie Grcle^ whence A G 
is the Sum of the SideS) or 
AC-f-CB. 

AndFE=sEB, forFJB 
is biflbaed at £, by the 
Nature of the Per{>endica- 

lar C E, whence A F is the Difference of 'the Segments 8f the 
Bafe, or thq Diffe/ence between A £ and B £* 

The Conftri]£liOn of this Figure being the lame as the laft, 
we can raife the fame two Equations from the Figure, but inftead 
of A D being given, we have A G given. Let A G, or AC 
4.CB = * = 8, and DC=:CG=s:<j, Whence D G = 2^, 
thfcn J — 2« = AD, the Part of the Lin^ At^ without the 
Circle. 

And put A F =r rf = 2, and F E = E B=t 0^ ^htn A fii=: d 
-|- 2^, let CE=^=i. 

Now as in the laft Quefiion, becadfe'the Lines A G^nd-A !6, 
are drawn fronl the Circumference within the Circle, and touch 
at the Point A wifhout the Circle, hence by^7«^.3AGxAD 
dABxAF, that is, ^ . 



in Symbols 

That is 

by 47 . # • I 



I 

2 

3 



I,. 



s X s — 2a:3zd-^2exd 
s i — 2 /tf =; J d^ 2 d e 
pp^ee:=Laa thcTrianglc C £ B be- 
ing right-angled, and D C = C B=tf. 

Hcr^ 
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Here tlie Qoeftioii it exprefled hy two Eqoatioiut and two 
unkiiowii Quaatitiet. 



2 + Xs a 
5 — *^' 



Then 



4 

5 

6 



80*2 

3 • 9 
10 X 4 i « 



12 -^^xdt 
13 — ^*fpp 



8 






10 
XX 




2itf = ii — if^/ — ai/# 

Subftitute as before mzzlss — Jd^ for 
wben the Value of a is found, it ftuft 
be raifcd to the fecond Power, to com^ 
pare it with a tf in the third £quatioa. 

;r — Zdi 

a = f- 

2 s 

Raife this Equation to the fecond Power, 

becaufe it is tf a in the third Equation. 

XX — ±xdi + 4ddi€ 

a azs. — — 

4 J i 

_ XX — ^xdi^£^ddii 

"^ 4 / X 

^sspp'\'^ssii^='XX'^^xdt'\'^dii 
Now bring all the Powers of # to one . 

Side of die Equation. 
\siii — ^ddii-^^sfpp^SLXX — J^xdt 
j^ssit^^dda^^xde-^J^sspp^zLXx 
^ssii'^4ddii'\'j^xdi=xx — ^sspp 



PP + 



Here the Equation appears quadratic^ but is not ambspiousy for 
;^jr is greater than ^sspp. Now, by Article 58, divide by the 
Co-efficients of a. 

11 ^xde _ xx-^^s s pp 

x4-^4''-4^^| IS |^'+ ^ss^^dd - 17r=T^ 

The Work being prepared fpr compUating the Sjuare^ fub- 
^fiitute y = --7-} » 



Then 



16 r D 



16 



17 



xx-^Jjspp 
* '^ ' 4 /^ss'^^dd 4 



17 w»^ 
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z6s 



17 Itti 2 
2 

IThcn by Step 8th 

Hence 
And 



18 



19 



20 
21 



■^ 2 ^*^ 4/x — 4^^ "^ 4 






wmA^ ^a^^^ ^■■^IM tm^^m 

4 2 



= 2.86 
tf = = 3.03 = B C. 



2tj 
** AC=i— *tf 3E4.97 
22 jBA=;:rfH-2/=:7.72 



^ (^eftion 90. ' In the right-angled Triangle ABC, there is 
^iven the Area rf thi Triangle equal to 24, and the Sum of thr 
Hypothenuji A C and Perpendicular B C equal to 16. To find 
the Sides rfthe Triangle ? 

Let AC=r/, AB=», 
BC=^, J— 24, ^/=i6. 

Here being three un- 
Icnown Quantities, there 
tnuft be railed three £- 
quations from the Que- 
fiion, and the Propertiel. 
of thp Figure* 

Now as the Triangle 
ABC is right-angled^ 
therefore. 




By47- 



/ i 



I 
2 



;+t=7^'|BytheQueftioa 



a e 



— = ;, from the Rule for finding the 
^ Aj-ea of the Triangle, for the Pro- 
du£^ of the Bafe and Perpendicular of any Triangle being di« 
vided by 2, the Quotient is the Area of the Triangle. 

The firft Equation has all the three unknown Quantities, 
but the other two have only two of them. Now if we take 
that Q(xantity which is in all the three Equations, and find the 
Value of it m one of them, and in the Room of th^t unknown 
Quantity in the other two, write its Value, the Queftion will be 
then reduced to two Equations, and two unknown Quantities, 
thus in. the fecond Equation find the Vajue of e. 



M m 



a66 



t^y 



4^2 
3 -4 



6^yy 

7 X T 
II -f'^J' 

10 • 14 
IS x« 

16 X 2 i 

ty in Numbers 
18-^51217 



S 

6 



^ L G B B R i#. 

But as it ii /# in tbe firft Equation, 

therefore 
ii=dd — ^dy^yy • 

aa^d—2dy+yy=yyj Two EqaatSont 

ad^^a y > with <m]y two nn- 

SS / % known Q^dtlek 

Find the Value of j!^ in each of thefe 

Equations, 
tfn-fi^— -2^jr=ro, forjp^F being taken 

away by the SubftraAion» that Side 

of the Equation is n^tbing* 
%dy:s^aa + d d 

^ ~ a"7~ 

a d'^a y = 2 / 
a d'=:7. s + ay. 
ay izz a ^— 2 x 
tf if — - 2 X 

y = — : — 



8 



9 
10 

II 
12 

13 
14 

IS 

18 

19 



..:j 



tf tf 



i^ ad -^2$ 



2s 



2d a 

aaa-l' dda . 

— — -1— »— — ^za d -^^ 

2^/ 

aaa^dda-zsldda'^^ds 
aaa'\-'2s6a ==5i2tJ— 1536 
aaa^-' 256 « = — ^SS^ 



Here the Equation i^^adft&ed^ therefore tranQ>ofe the Quan- 
tities (b that the Side of the Equation which is known may hare 
the affirmative Sign. 



19 + 256^ 

20 + 1536 

21 "^ a a a 



20 
21 
22 



a a a :=: 256 a — 1536 

a a a -^ ^53^ == ^5^ ^ 
256 a — a a a-^. 1536 



Which Equation being refolved by the Mqtbod of Comergiftg 
Series J we ihall find a = 8 nearly, for 8 is the true Root ; from 
whence the\>ther Sides of the Triangle are eafily determined. 

Qucftion 91. In the right-angled Triangle A R G, then is 
drawn G E parallel to the Perpendicular B C, given the Per- 
pendicular B C = 24, and the Segment of the JHyfctbemi/e 

EC 






Of fokiiig Eijuatioffs, &c. 

E G s 1$, end tbi Sigment hf the Bafi A G = 20. 
ih Hff^bemrfe hC and Baft A B ? 



Draw E D parallel to A B. 

Let B C = f = 24, EC 
=r « =r 15, A G = ^ = 20, 
G B = E D =i </, theh A B 
5=:*:ftf, AE=/^ then AC 

Here being two unknown 
Quantities, we muft raife two 
- Equations. 

Now the Triangles AGE 
and £ DC are fimilary 
bence^ 



0167 
Tv fn4 




by 4 . # • 6 

in Symbols 

whence 



by ^7 i.i 



3-ir' 


5 


5 ©» 2 


6 


4.5.6 


7 


7 X « 


8 


Sxt 


9 


9 ill Numbers 


10 


that is 


ir 


XT — aas e e 


12 


X2—''jSlte 


13 


J3— I^^POO * 


14 



I 

2 

3 



4 



AG:AE::ED:EC 

t : i :: a: n 

a iz=ibn^ for Quantitie$ that are i(i 
continual Proportion, the Product of 
the Streams and Means are equal. 

bb^2ba'\'aa'\'CCz=znn^2ni^iey 
tlie Triangle ABC being right-an^ed, 
and as the^ two laft Equatit^ns contain 
the Queftion, therefore 

bbnn 
aazz — — ^ 
ee 

, - . 2bbn . bbnn . , ^ 

bb4 \"^ Ucc:=znn+2ni 

bbe+2bbn+ \^c azznne 

^ {'\'2nee*\'€ei 
bbe €-+-2 bbn e-^b bnn^c cee =^n nee 

^2neee*+*eeee 
406 ee + 12000 e 4. 90000 + 576 e e 

zz 22s i t + 2^ i e e + e e e e 
976 * / -j- 12000 e -J- 90600 =: 225 e e . 

J^-'^oeee'+eeee 
751^/4.12000/4^90000=30^//+^^^* 

'///'/4-3O/// — 75 1//=l2000/4-90000 

^^^^4.30/// — 75i#^<-ri2jpO0>3i5=9OOo6 
Mnk 4 Which 
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Which Equation being refolvcd by the Method of dnvirging 
Siriesj we (ball find iz=.^$ nearly, for 25 is the true Root. 

Then by the fifth Step a = 12, whence A C = « -|- < = 40^ 
and A6 = 3 + tf = 32. 

Queflion 92. In thi TriofigU AB^ ghin ibi Baft BC 
;=: 42.5 and the JngU ai B=: 49^ : 45^ and the Angle at 
= 42*': 30' to find tbi Pirpendiadar AD, Ut fall firm the 
Virtual Jngli upon the Baft B C. 

The Triangle A D B is right-angled, 
and the Angle A B t> being given, aH 
the Angles pf the Triai^gle A D B are 
known, therefore by plain Trigonome- 
try, we can find the Ratio between the 

Sides B D, and A D, though we do not 

]B iD C know the Length of either of them, for 

As the Sine of the Angle BAD, is to the 
Logarithm of any Number aflumed for the Side B D, fo is the 
Sine of the Angle ajt B to a fourth Number, which is the Lo- 
garithm of the proportional Number for the Side A D. 

Therefore afTuming I/wVy, or i, for the Side B t), we have 




^s ^he Sine of tbe Apgle at A 

Is to the Log. of the Side B D 
J^ is tbe Sine of the Angle at B 



40"* : 15^ - 9.810316 



I. - 

49*^ = 45 



1.18 



0.0 
- 9.882657 

9.882657 
9.810316 

T .072341 



Tf the Log of the Side AD - 

Heyce the Sid<s AD and B D are to one another, as 
X.18 is to I. 

Now let BC = *=:42.s A D == u, «=i.i8 and 
#si^ Confequently, 

ip a 
m:p :: a :<^z=:BDj ^hat is, as the 
*" Numbers which ex- 
prefs tlie Proportion of A D and D B, arc to one another, fo 
IS the true ^rength of A D to the true Length of B D. 

By the fame Reafpni^ig in tl^e Triangle ADC, becaufe all 
ih6 Angles are known^ thereforie the Ratio of the Sides A D 
fuid DC are know|i, and afluming AD to be =?= 1, and pit>- 
cceding by Trigonometry as before, we ihall find th^ proportional 
ffumbcrfor CD to |;e i.^ ' 

Now 
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ff9W putting d = i.x and ^ = !» as before* we have 

; = .=:.:i-'=DCkMh.fi~ 

' Reafoning as at the firft 

Step* 

And as we have now exprefled in Symbols the two Parts of 
l^e Safe B D and D C. 



Hence 


3 


tf + if= *, tbat is, BDh^DCasBC. 

m ' p . ■ 


3 x» 


4- 


4x^ 


5 


pp0-^mdassmkp 


^^pp^mi 


6 


- = rTX~J = "-?»=^AD. 



Queflion 93. In the rights 
angied Trhngli ABC, then is 
given the Sum of the Sides ifual 
to 11^ and the Area equal U 6. 
To find the Jiypotbenu/e A C ? 

LjBt i=i2, *=:6, BCsa^ 
AC=y. 

A 

Then by the Pr operty of t he **^ 
Trianglp A B=i/yy-^tf<i. 




Jlence 



I 
2 



a+y+^yy—aa^s 



< i <i 



— i/y> — aa=ib^ from the Rule for 
^ (finding the Area of the Triangle. 



Now becaufe there is the fame Surd in both Equations, find 
what the Surd is equal to in the fecond Equation, and wiite it 
for the Surd in the firft Equation. 



a 

2 •^ — 



3 vyy^^aa-sz — for * = *- and -^ 

-f. — = — , by the Rule for Divf- 
2 a ' 

fion of Fra£iions in common Arith* 

metic 

»-3 



t79 



A L G B B Rjf, 



1.3- 

AX a 



1 — 

7± 

9 X 2 

8 . 10 
II -f-2 tfjr 

12 — - 2 i tf 

^3 + '* 

13-7-2/ 



4 
5 



9 

10 

if 

12 

»4 
15 



aa+ay-^2H^sai, now the Queffion 
is contained in the firft and fifth 
Equation. 

jp;p — aaz^s — 2Jtf— 2fy-4-2iijr-Hf<'-+W 
2tf«C2J«H-2iJf— •2tfjf — iX 
iitfsitf-^ffjr'— 2^ 
2tf<i==:2Xtf-|-2iijr — 4* 

2X41— 2tfy^— 4.3=2 Jtf-4-2fJP—2aj^ — ii 
2ia— -43=:2J4l-f-2Xjr-^iX 

— j^btsit ty — XX 
2x> = xx — 4* 

•^ 2X 




Queftion 94. h tbi Tri^ 
angle A B C» tiere is given 
ibi Sum oftht Sides BC-f fi A 
-f A 02=8^5, dnd the Area 
=; 20O» and tbe Angle at A 
== t24^ to find tbe Sides if 
tbe Triangle f 



X:^85, *'=:200, AC 

jy t^tt'y becairie the Ang^ BAC 
= 11^4% the Angle CAD 
z=: 56^, and CD being-aPehpendicular I^t fall oH B A continued, 
aU the Angles of the Trianrie A; QD. are known, confequently 
the Ratio between AQ and CD is knbwn» for aflfuming C D 
to be Unity y or i, theii in theTriatagle A CD by Trigonometry, 

As the Sine of the Angle C A D - 56"*: 00' - 9*91^574 



Is to tbe Log. of the Side C D 
So is Radius 



T. - 0.000000 

90** : 00' - 10.000000 

10.000000 
9.918574 



T*o the Log. of the Side AC 



l,7Jl 



0.081426 



Hence we know the Sides A C and CD arc as x.2i to i. 

Calling 
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Calling m:tn.2t <i=i, thcwfore^ 

da 



»7» 



i\m:d :: a: 
r[ orfecond 



m 



= CD, as at thefirft 



Steps, Queftion 92. 



Now B A being con1i3ered as the Bafc. of the. Triangle BAG, 
and C D as its PcrpeinHcutor, hence by the Rule for fkidkig the 
Area of the Triangle B A x D C = 2 *, that is in 



Symbols 

da 
2-f.— 
m 



And 



3 + 4 



i>^ 



l&^Z 



6 + f 



7 
8 



2i=— xBA. 
m 

2 b m ^ ^ r f i h ^ da 

l-^s=BA, for 2* or — -f- — 

da 1 m 

— 1*^ by the Rule for Divifion of 
d:a^ 

Vulgar Fraftions. . 

/ d d a a , % rr^ • 

A B «i/tf « -^ w the Tn- 

angle A.GD:i8 right-angled, where 

^=s A G% and- — • at G D» 

»t 

*i^ h fit /^ ddaa ^^ . 

115 -*.♦/«« ^ = B A + 

<''» »»"»(AD=BD. 



^ )n 



:A.hb'm,m , 4,^^ ^^^^'^ d d a a 
7 I V.' + ■ ^ ' ■ Y a a — ■ 



da 

^^=BD, or BD 
*" " (fquared. 



l^fj ? =cb,<)r CD fquared 
,^bhfnm 



; ddaa 



-. . ddaa 



da 



1tt*TI% 



4^. J tf 3 G.Bi^ or G B fquared. 



Having now got an Expreffion equal to» the- Square of GB^ 
w«. mp^ en^Q^vour to find . another Expreffion for G B ftom 
fome other Data, 

Now the Sum of all the Sid^ is given, that is. 



9IB 



zyz 
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^iBC-hAC^-ABs:^ 



But 

9 • 10 
23m 



II — 



da 

12 — tf 

13 O* 2 



8 • 14 



J^hbmm 



16 — 0tf 



10 

It 

12 

14 



15 



16 



17 



A Cssii^ and AB= -J-? by thci 

^* third Step. 

BC+if + li^zr/ 



2 3 m 

"7T 
Ih fn 

ITT 
^sbm 



x=BC + tf 

-.tf=:BC 

43mtf j^hhmm 



Sf^^ —J — «-.2Xtf-4« — -— 



dda^t 



+ i^ii = BC^ orBCfijuared 

4'^m . 43i9»tf , 4hbmm 

da 



_ 433i»m , 4(111 ^ 

4f3in , ±ima 




Jtf 



^a 



4-^^=4 



43ot / ddaa 

da mm 



I 



4x3m . ±bma 

4 3 I9t 



da 



da da 

J ddaa 
^ a a 



mm 



Here the Learner may obferve that the unknown Quantity is 
under the radical Sign, and therefore as fuch Equations are 
generally fquared to take away the Surds, the fame is to be done 
here ; but as it is ^ tf in all the Quantities under the radical Sign, 
wc can extraA the fquare Root oi aa and join it to the rational 
Quantity, leaving the rem aining Part of the Surd under the 

,. , o- -.u 4*«./ ddaa ^bma / Ji 
radical Sign, thus ~--. ^aa-^ = ^ ^ -/i— 



mm 



da mm da 

Jib m % J d d \ 

= ~r- V I — — ■ » whence the fcventccnth Equation becomes 
a mifi * 



t%\ 



Si 
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18 



ss 
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4, s b m 4. b m a 



iia 



'^2sa + 



da 






18 xda 



19 



4^m / dd 

-^—7— • I = , by which means 

d mm 

We have faved the Trouble of (quaring 

the feventeenth Step* 

s sd tf — ^sb m -^2rf jtfi}-|*43m0sa 



4.bmai/ I — 



i^ ^ 



IR/71 



The Equation being now cleared of its Fradions^ it zppfiATt 
^uadraiicy for the Powers of a are only to the fiift and fecond 
Power, and the Surd is part of one of the Co-efiEcients of a. 

t Td 
.19 X ^o idsaa^/^bma^i''-^ -^ :— «'4i«itf— r/tftf 

^^ (=— 4/i/» 
^hmm^i'^ -T^ \— \h m a-^ s s d a 



20'i'2di 



21 



aa^ 



ids 

__ j\.sbm 2bm 



then 



12 c n 



23 itti 2 

24+- 



22 

as 



ids 

Now fabftitute — ';r=: 

= — 45. 
aa — xaz^ 



d 

r 



dd 






zdi 



ic9C 




2bm 



2^\a =: ^ J-v^— J- 11^ the Equation be* 
ing ambiguous by the twentieth Step, , 

Whence we Chall find a zz 27.21 =: AC. 

And by the third Equation ^--2 = 17.78 = 8 A. 

da 

And by the thirteenth Equation t-^ -j^ ->0=s4O.oi=BCi 

N ii This 
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Thi? beipg the mofi difficult Solution we h»ve yet bad, a re- 
view or fummary Account of the Operation may not be ufelefs 
to the Learner, as it may tend to give him fome Idea how to 
begin and form a Judgment in fuch Cafes. 

Now becaufe the Angles of the Triangle A C D are known, 
we haVe the Ratio of the Sides given, whence afTuming C D as 
known, I find a proportional Number for A C, and froqi thence 
I can exprefs C D in Symbols, and C D being conddered as the 
Perpendicular to the Triangle B A C, of which the Bafe k B A, 
then from the Rule for finding the Area of the Triangle, I ob- 
tain an Expreffion for B A ; then I exprefs A D in Symbols 
from knowing A C and C D, and add it to B A, that now I 
have Expreffions for B D and D C, each of which being fifuaradt 
their Sum is equal to the Square of B C. 

Then from fome other Data I find an Expre^on for B C, 
and becaulie the Sum of the Sides is given, and I have Expref- 
fions for the two Sides B A and A C, therefor^ it is eafy to 
find an *£xprei$on for B C 21s at the thirteenth Step, which being 
(quared, is made equal tp the former Square of i| C, which £- 
qiiation is reduced s^ in the Work. 

This and feveral other Qu^ions are taken frqm Sir Isaac 
Newton, the perpetual^ and everlafting, Hpnoiir, Ornament, 
and Glory of our Ration ; and I have only endeavoured to ac- 
€oiMi>0d.ate his SQl^tipna to the Learner, in ejfplaining them in 
a moxe copious Mamxer. 

Queftton 95. In the Triangle ABC, there is given the Altitude 
CD = 7, and the Bafe. AB:= io, and th Sum of the Sides 
B C 4- A. C = 23. to find the Sides of the Triangle ? 

C Becaufe the three Sides of 
the Triangle B A C will be 
eafily expx^flec) ia Symbols, 
and the Triangle B C D be- 
ing right-angled, we fh^U eafily 
find to what B D is equal. 
Again, as ifheTriangle A CD 
D is right-angled, and the Sides 
A O and C Di are known in 
Symbols, therefgre A D is known in Symbols, 

Now if from B D before found in Symbols, we fubftradB A, 
tberjB remains another Value for A D, which being made equal 
to the former we have an Equation, wbicb is. (uficieiU> if we 
tf^ but one unknown Quantity, 

^ And 
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And as here will be a new Method of expreffing the Quan- 
tities fought, t would refer the Reader to Queftion 39, where he 
t^rU find that in any two Numbers, or Quantities, the leiTer 
Number is equal to the Difference, between the Sum and Dif- 
^ence of the two Numbers, divided by 2, and at the fame 
Queftion if he exterminates i and finds a^ or the greater Num- 
ber, it will be equal to the Sum and Difference of the two Num- 
bers added together and divided by 2. 

Therefore put y=:CD=7, * = BA=io, cz=z half the 
Sum of the Sides BC-|-AC = ii.5 and a=z half their Dif- 
ference, then the greater Side or BC = f 4-^» *"^ the lefTer 
Side or A C == f — ^, now in the Triangle BCD 



by 47 ^ . I 



by 47 tf . I 
but 



5 ®i 2 



3 

4 



^cc'^2ca^aa — xxzziBD^ for BC 

= r -}- tf, and CD = x 
And in the Triangle A CD, 

\/cc — 2ca+aa — xx=:A D, for A C 

= f — ay and CD==4r 
BA = ^ 



^cc-^2 c a-^aa — ;r;ir:— i=:BD 
— BA=:AD 



\^cc — 2 ca-^ a-^X x:iz\/ c c^zca-j'-aa-^xx 



we have 

8»*2 

9 — 8 i 4 r « 

11 — " /^b b a a 
I2'i'i6cc'^4.bb 



%3VM1 



7 
8 

9 

10 
II 
12 

13 



^r— 2tftf- ^g^^ — xx=cc^'lca- ^aa — xx 
^2bi/cc-^2ca'^aa — xx : +4^ 

By tranfpofiiig the Quantities which de- 
f!roy oi\6 another 

■■^4^ ^ n— 1^2 bycc-{^2ca^\^ a — xx : -^-bb 
2b^cc-\-2ca^aa--'XX'=zbb'\-/^cd 
^bb€C^ibbca-\-^bb4ia — 4.bbxx==ibbb 

-^Sbbca-^ i6ccaa 

4bbeC'j'^kaa'^4hbxje=ibbbb'\^l6ccaa 

ibceaazz.^bcc'^i^baa — i^bxx — bbbb 

ibciaa-'^i^hbaa^szi^bbcc^^^bxx^-'bbbb 

ibbce — bbbb'^A.bbxx b b 

"" ibcc — dfbb "" 4 

hbxx 



n 



JLCC — bb 

^ III * 

fTb 



y V w bb X X 



bb 



4 
Nn 2 



?77^-3-69 



\5rhCnCfl 
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Whence r -4- tf = 15.19 ^B C, and r — tf = 7.81 = A C. 

If the Learner (bould be perplexed to fee the Contradlions at 
the thirteenth and fourteenth Steps, they may be illufirated thqs 
^Bbcc — bbbb — ^bbxx ^/^bbec — bbbb /^bbxx 

i6f <: — 4Ti ibcc — 4,bb lb c c — '^.bb 

for it is the fame thing whether the Quantities that compofe the 
Numerator, are placed fucceffively one after another like one 
continued Fradion, or placed feparately and diftindly, liice dif- 
ferent Fradions, the Quantities that compofe the Denominator 
being placed under each difiind Numerator. 

/b b 
But i6frr*-4**) J^bbccr-bbbb (-^ 

4.b b cc — bbbb 



The Quotient Quantity is bb^ and as the Co^efficients of the 
Divifor are refpedively four Times more than thofe of the Di- 
vidend, therefore under the Quotient Quantity bb place 4, and 

h b 

' — is the Quotient exzSt, 

4 

And this Fraction -^ — — rr% =: 7-7, for it is on- 

locc — j^bh /^cc^-^hb 

ly dividing the Co-efficients by 4, therefore the O)ntra^ons are 

as at the thirteenth Step. 

The Contraflions at the fourteenth Step arifc from its being 

hb in all the Terms under the radical Sign^ for it is only placing 

b the fquare Root of ^^ without the radical Sign, by which 

.bb . ibb. ^ . I 
meatis • — , or v i^b^ ^. 

4 4 4 

Queflion 96. In the TriangU B C A, then fs given 4bi Bate 
A B = 6, and the Sum of the Sides A C H- B C == 18, and the 
vertical Jngle atC = 30*^ : 00'. To find the Sides AC and B C. 

Let fall the Perpendicular A E), and in the Triangle A C D, 
bccaufe the Angle at' C is given, therefore all the Aisles of that 
Triangle arc known, and therefore the Ratio of the Sides ia 
knpwn^ by which means we can get an Exprcffion for C D. 

Anc| 
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And becaufe A D is a Perpendicular that falls within the Tri- 
angle, and the Angle at C is acute, therefore bj 13^2, B C 
fquared added to A C fquared, is equal to B A fquared, added to 
the Produd of 2 B C x C D, from whence we (hall have ano- 
ther Expreffion for C D, then if we can exprefs the Sides of the 
Triangle with one unknown Quantity, this Equation between 
th^ two Values of C D will be fufficient. 




Now in the Triangle A CD, becaufe the Angle at C is known, 
and AD being a Perpendicular ,to CB, all the Angles of the 
Triangle A C D are known, therefore affuming C D == i, by 
Trigonometry, 

As the Sine of the Angle CAD - 60'' : 00^ - 9-93753' 

Is to the Log. of the Side CD - i. - - 0.000000 
So is the Sine of the Angle C D A 90:00 - 10.000000 

10.000000 
9-937531 



To the Log. of the Side A C - - 1.15 - - 0.062469 

Hence we know that as 1.15 is to i, fo is A C : CD. 

Tlien let A B = 6 = ;r, half the Sum of the Sides A C + 
B C 5= 9 = *, and half their Difference = «, then as in the laft 
Qucftion, the greater Side or B C = * -f- tf, and the Icffcr Side 

0r AC = i-c^» J =1.15 » = i. 
^ecaufe A C is to CD> as 1.15 is to i. 

Therefore 



«7' 



Therefoft 

• 

• 



ji L O B B RA 

d'.Hii b-^a : — I — r— 



3 
4 



= CD 



2 hi-\- lba~^a a^lb — iba-\.4i=itx 
•f 2^4- a«xC0 



juXritii I 



2 33 + 2 tf tf-—>4rz SB 2 ^ -f- 2 tf X CD 

2b^2a 

The (hort Line over the two Quantities 2 3 -|« 2 a in the 
fecond and third Equations, (^nifies they are both to be multi- 
plied into C D% otherwife there would be no Diftindion whe- 
ther C D is jto be multiplied into 2 a on!/, or all the Quantities 
on that Side of the Equation. 

Now make an Equation between the two Values of C D found 
at the firft and fourth Equations. 



I . 4 


5 


5 X 2i4-2<7 


6 


6xJ 
J ±.2naa 

(j^UdtB 


7 
8 

' 
io 


I0-^2«-f2 J 


It 


fltmi 


12 



2hh-^^2aa'^x X nb 



n a 



-»» 



2b^2a 



zbh p2tfl^■■*JtAS5 



znhh — zbnaA' zhna — tMaa 



2dbb'^2daa''^dxxz:i2nbh — 2naa 
2naa-^2dbb-^2daa'^dxxi='2nbb 
inaa^lLdbb-^2diia'=L2nbb-^d*x 
2naa'{''Xdaat:z2nbb'^dxx-^2dbb 
2ftbb'4-'dj^X'^2Jb6 

2n--{'2d 

, ./inbb'X'dxx — 2dbb 
aznir ^-^ ' *> ^- — ; — ^^-^ ±z r.Qo 

Whence B G = k-^a = 164^ and A C =i= * — a is 7.01 

-Qtteftion 97. In the Fijh Pond A B C D, then is given the 
Side AEr=-30, DC = 35, CB = 40, and AB=:38; the 
jfngli at A=i 13°, tte Angle at K=±6o'', ihi AhgU at Crtz \0(fy 
and the Angle atY^zz. 87°, and the Fijb Pond is to be furrounded 
with an Area offt6y and e>veff tobire of tie farm Bteadih. 7i 
find the SreaM of tie l^alJt t 

Suppofing: thtt- Waft* fo br dfaWn t^tttii «ie Pohtf as irt the Fi- 
gure, let fall the Perpendicular^ A K, KL, B M, GJf^ C C^ 
DP, D Q^ and A I, by which thif WaHc is^ di^^iited iota 
four ParaJlellograms AKLB, BMNC, COPD, DQ^IA, 

and 
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and into Um Tapr^U A { £ K, BLF M» C N G O and 

D P H Q^, and the Area of t^efe four PaDllellograqu aA4 feur 
Trapezia is equal to the given Area of th^ Walk. 




Let the 8r9a^tb of tbe Walk be <?, and the Sum of the Sides 
AP + PC + CB + 3A5?i43 = *, then the Area of the 

four ^r^UollK^nuiiil will be s;;; A a. Let ^ =:: 700. 

Draw A £, B F, C G ^d D H, becaufe the Triangke 
AI£ and AKE are equal, therefore the Angle A£K and 
A £ I are equal^ and each of thefe Angles are equal to half the 
Angle at A which is 113^9 hence the Angle A £ I is 56^ : 30^ 

Then ia the Tri^n^k A £ I all the Angles are known, and 
confequently from plaioTrigonooietry, we can find the Ratio of the 
Sifdes £ ] aod I A, for afiWming £ I to be Unky^ or j, we have 



As the Sine of the Angle £ A I - 

Is tQ the Log. of the Side £ I - 
SaistheSineofthe Angle A£I - 36'': 30' j- 



330 . 30/^ 



- 9.74188a 



Tt the Log. of the Side A I 



1.51 - - 



0.000000 
9.921107 

9.921 107 
9.741889 

i — ■ W ■■ JL 
0.179218 

Hence 



28o 



A L G E B RA. 



Hence ^ know that A I is to E I as 1.51 is to i. 
Then let </= 1.5 1 and /= I. 

Hence dmiai — r = £ I> which being the Bafe of the T/i* 



d 



angle EI A. 

Hence 



1X2 



i a a 

—r- X — 

d 2 



iaa 



z=L the Area of the 
^^ (Triangle EI A, and 

—7- = the Area of the Trapcziutn 
^ (EIAK. 



e \f\\a\ ^^ = LF 



Now in the Trapezium BLFM, becaufe the Angle B 1860% 
for the lame Reafons as before, we have the Angle L F B=3o'' : 
whence in the Triangle L F B, if we afllime B L to be Vnhj^ 
or x» we (hall find the proportional Number for F L to be 
1,73 hence as i is to 1.73 fo is BL to LF» let/==:i.73 

IB 

a f a a a f 

-^ X — = — ^ =s the Area of the 

' ^ ^' (Triangle BLF. 

aaf 

— ^ = the Area of the Trapezium 

' (BLFM. 

Again in the Trapezium C N G O, becaufe the Angle at C 
is 100*, for the fame Reafon as before, the Angle C G N is 50®, 
and afltiming Unity for NG, we {hall find 1.19 to be the pro- 
pqrtional Number for N C, whence we know that C N and 
N G are as 1. 19 is to i, let ; = 1^19 



Then 


4 




5 


5x2 


6 



Then 



Hence 



8x2 



8 



^• 



e a 
T 



=s N G, which being 



the Bafe of the Triangle C N G, 



i a a 
ea a 



e a a 

— — = the Area of the 

^^ (Triangle CNG. 



zsl the Area of the Trapezium 
^ (CNGO. 



Laftljr, in the Trapezium D P H CL, becaufe the Angle D 
is 87% for the fame Reafon as bcfcre, the Angle DHP 

IS 
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is 43<* : yyf and afluming Unity for D P wc fhall find 1.07 to 
be the proportional Number for P H, hence we know that aa 
I is to 1.07 fo is D P to P H, let A = 1.07 

a h 
e:h:: a : — = P H, then as before 

i* ^ 1 = lii the Area of the Tri- 
^ ^ ^ ^ (angle DPH,, hence 

— ^ = the Area of the Trapezium 
* (DPHQ^ 

But it was before found that 

i^ = the Area of the four Parallellograms. 

Now collet the Area of the Trapezia and Parallellograms 
into one Sum, and make them equal to the given Area of the 
Walk, • 



then 


10 


a 
10 X — 

2 


II 


It X 2 


Ii2 




'3 



3+6+9+12+13 

iubft'itu.te 
14 • 15 

ij e a 
18 UM 2 



19 — 



2/> 



/■ 



IS 

16 
17 
18 

19 

20 



d ^ e y g i 

=r ;r =r 700 

p— ^ + £ + -1 + — , the Co* 

efficients of aa zzz 4.302 
paa^tazizx 

+ b a X 

P P 

ha . hh hh . x 

aaA — 1- = "~— + -— 

^ t ^PP_±Pt P 

, * / bb . X 
a A =4/ A 

rn ~7 b . 

^PP P ^P 

the Breadth of the Walk. 



Bccaufe the Angles and Sides of the Fifli Pond are given, the 
Figure may be drawn; but for the eafe of the Numerical Cal- 
culation I have chofe fuch Numbers, as will not exaftly agree 
with a Geometrical Figure. 

Queftion 98. In the rigk-r.nglid Triangle ABC, given the 
Perimeter or Sum of the Sides AC + CB-h AB = 24, and the 

Q. Perpendicular 



2%2 



ALGEBRA. 



FirpiniUuldr CDs 4-7S '^ M^ fr^ *^^ right-angU at C 
fl^ th Hfpothimifi A B. To find tbi Sidis of tb$ TriangU f 

•g Let CD=i=4,75 AB+BC 
•4"CA=;r=:24» AB=a, then the 
Sum pf two of the Sides, or A G 
•4- C B a= ;ir •— tf , and as at Que- 
ftion 95 let y = the Difierence of 
the fame two Sides A C and C B. 
And becaufe the greater Number or 
Leg if equal to the Sum and Dif- 

p ference of the two Numbers or Legs 
divided by 2, as in the laft Queftion» 

therefore A C the greater Leg = ilUllt?, and B C the Icffcr 

Having Expreffibns for AB, BC, and AC, the three Sides 
of tht Triangle ABC, in which there are two unknown Quan- 
tities, we muft raife two Equations from the Properties of the 
Figure, and becaufe the Triangles ABC, BCD are fimdar, 
therefore by 

AB:BC;: AC:CD 




4k. 



4*61 


t 


in Symbols 


2 


whence 


3 


that is 


4 


by 47 . ^ • I 


5 






\h 



2 2 



db= 



*4f — - 2 ;if ^ + tf ij — y y 



5 cpntra^ed 



And becaufe the Triangle ACB is right- 
angled, 

vr Jir -s;*^2;ir — 2 ;ry -4* 2 ay ^tf n -f*yj| 

* * " " I ■ 1 1 ■ ■■ ■ „ I ■ ■ ■ ■■ ^» 

. 4 

2 ;ir «-^ 4 > a-4« 2 tf tf -4-2 yy 



^ Hence the two Equations which contain the Que&'on are thd 
fdurth and fixth, and asy is only to the S<|uare in inch of them, 
fiod in both the Valuo^of yf. But the fixth Efuitioo becomes 



,,^ 



TXK 



r 


7 


9 K 2 

8± 

4x4 

10 in 
9 . II 


9 

9 
10 

II 

12 


12 — a« 
14+ 2* « 


13 

14 

15 
16 


l6 4-4*+4* 


17 


9 la 2 


iS 


thence 


19 



Of iolving Equatio&s, ^c. 9,9% 

icxr—7,xa- \'»a + jf jr 



yy^iaa + 2xa'^xx 
^abz=zxx'^%xa'-{^a a^^y y 

aa'^%xa'f^xx:^xx''^%xa'^a — 40* 
2;rtf — jf;if = ;r*— 2jftf — 4tfi 
2A'<i + 4tf^-^^^ = ** — a*^ 

2*^ *^*; .-.—AR 

"^ 4;r+4^ 2*-t-2^ 
Now a being f ound» therefo re 

;^ = i/tftf-f'2*tf — xx:=:% 

2 

x-^a^^y 



and 



20 



BC= 



^ = 6. 



Queftion 99. h ih$ righi-augUd Triaagli ABC, given the 
Hfpotbenuh A 3= 10, and the Sum rf the Sidis and Perpendi- 
cular CD, that isy AC + CB + CD=l8.7S To Jnd the 
Sides A C 0nd B C? Fidt hft Figure. 

Let *=:io = AB, *= 18.75 QHsta; then AC-f-.CB 
^zx—ai now put ^=: theDtnerence betweeil the Legi AC 
and C B, then as in the two laft Queftiqns A C, or the greater 

I^eg i, iZ:l±Z, am) the kfler Leg. or CB= ^'^^ . 

Having cxprcflfcd the Sides of the Triangle in Symbols, in 
which there are two unknown Quantifies, we muft raife two 
Equations from the Properties of the Figure, and bccaufe ABC 
is 9^ right-wangled Triangle, therefore 



by 47 / I 



\ 



xx'^2xa'^txy — 2ay+aa+yy 

■■■ M l I < II II ' " H ■ ; I I ■W M II I IW I ■■■ ■ ■ II I I 

4 

+ ;r^— 2;rtf— 2Ay-|-2fly4'^tf+jy ±l 
I I I. - ilBW i »■■■ » m m S mn .U I ■ <■ mmmm^W 
• ■ 4 



Ooa 



Thea 



2H 



ALGEBRA. 



Then becade the two Triangles ABC and CBD aie 
fimilar. 



>7 4 ' 6 



3 •* 



I contraAed 



4 contracted 



2 

3 



5 
6 



AB : CB : : A C : CD that is in Symbols, 



i: 



— a—y x — a+y 



:r 



la 



'2 2 



Hence die Queftion is contain^ in the 

firft and fourth Equations. 
XX — 2xa^aa'{-yy 

2 

xx*--^!. xa^ac'-'^yy 
4 



Now in both there Equations find the Value of yy^ there be< 
ing no other Power of 7. 



5 " « 

9 + 
8 . 10 

ti J^a a 

rz "^ ^ X 
13 — ! 2 Jr ^ 



fubflitute 
then 

j8 uu 2 






7 
8 

9 

10 

II 

12 

13 
14 
IS 



16 

18 

19 

20 



xx''^2x C'-^-aa '^yy z^2hi 
yy:=:2bb'—aaJ^2xa — xx 
4,baziLxx — Ixa^aa^-^y y 
yyz=:xx — 2xa J^a a*^ J^b'a 

xx^^2xa^aa-^/^ba:=2bb-^a0 
+ 2 JTiJ -•— jpjr 

xjf — 2xa^2aa — j^baz:z2bb'{'2xa 

XX 

— 2xa-+2aa'^^ba=i2bb-\-2xa — 2xx 
2a a — 4.x a — 4.ba=z2bb — Zxx 
oa^— 2x0^^2 b a z^.hb'^ XX 
Bccaufc xxh greater than bb^ therefore 
the Equation is ambiguous. 

aa^^za^zb b^^xx 

aa—zqA z=ibb—xx+ — 

^4 4' 



a — —=:i/ii — xx+ — 

'» = "J- ±^^bb — xxJ^ ^ = 4.78 

4 (or 52.7a 



by the iothStepl2i \y—\^xx^2xa^aa—/^ba:=^i.()(^ 

Thcti 
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Then AC=: 



a+y_ 



=7.98 and CB = 



285 
= 6. 



In the above Equation where 17 = 4.78 or 52.72 but the 
Value of a muft be 4.78 for it cannot be 52.7^ as the Sum 
of the three Quantities is only 18.75 

Queftion lOO* In the right-angled Triangk ABC, there is 
given the Sum of the Sides AC-f-BC=:i4, and the Perpends- 
lar CD = 4.75 To find the Sides of the Triangle f See Figure 
Queftion 98. 

Let ;r = i;|. = A C-j-B C, y= A C— -B C, or the Difference 
of the Sides, then as in the preceding Quefiions, the greater 

Side or AC = ^^, and the Icffer Side, or BCb= ^^-^^ 

Put AB = tf and DC=:* = 4.75 

Having exprefled all the Sides of the Triangle in Symbols, 
amongft which two are unknown, viz. a^ and y^ we muft raife 
two Equations from the Figure, then becaufe the Triangle ABC 
is right-angled, therefore 

xx^zxy+'yy 
^"I T 



by 47 * I • 
that is 



by 4 » . 6 
in Symbols 

4V 



3 

4 



2jry-Hry 



=4141 



^^+yy 

— — z^a a 



Becaufe the Triangles ABC, and CBD 

are fimilar, 

AB: AC :: CB:CD 

x^y x—y , 
a : — i— :: — i: b 
2 2 

ba^'JilZll 
4 



Here the Queftion is contained in the fecond and fifth Equa- 
tions, and becaufe there are no other Powers of y, but yy in either 
of thofe two Equations, find the Value of yy in both Equations. 



2x2 



\ 



;ir x-f-yy = 1 a a 
y y iziT. a a '^ X X 
j^b a =: XX — yy 
yy-j^j^ba^x^ 



9- 



286 



9 


— 4^^ 


10 




7 • I? 


II 




"± 


12 




I2-T- Z 


13 




13 r D 


H 




14002 


»5 




15-^* 


16 



7 w2 



^ X & £ B 1; ^ 

jf^raor*— 4*^ 

2 tf tf — * ;r = AT 4f — 4 J a 

2i7tf + 4^tf = 2;rx 

tf <j 4- 3^ i « + *£=** + i * 

a^i/jTJ^^TZ : — *= 10.03 ornc- 
gfaE Hng the Fraa ion A B == lo. 

fzsi^%an'^Zxz:zZ 



7 



-. ^-^-y _ 



— z— ^y_ 



ThciiAC= ^^-i-^=8, andBC= — =^=6. 



Jbifrmi ^uiftion dom in another Manmr^ 

Let AC+BC = jr=M4s AC=:^, then BCssjr— *, 
CD = * =4.75 and bcc aufe the Triangle ABC is right- 
angled, therefore A B s i/;r*— ajra-f 2tf.#. 

H«re we have Expreffions for all the Sides of the Triangle, 
-with only one unknown Quantity, and therefore one Elation 
will be fiifficient. And as lEe Triangles A B C and C B D arc 
ndilbr, thercfoie 



by 4 ^ • 6 
in Symbols 



2 
3 



A B; AC;;CB:C D 

\/ xx — Zxa^7.aa : a :: x-^a : b 

b^xx''^2xa'^2aa=zxa'-^aa 



Square both SSdes of the Equation, the unknown Quantity be- 
ing under the radical Sign. 



3 &» 2 



4± 



bbxx^^2bixa'\'2bbaa = xxaa 

'-^T.xaaa^aaaa 
Ranging the Equation according .to the 

Powers of the unknown Quantity. 
aaaG'^2xca€i'\'Xxaa''-^2bbaa 

-^2bbx a;z:bbxx 



Tho' the Equation here appears as if adfeSliiy yet it may be 
refolved by compUating tbg Squan as in Quadsatics. 

And to give the Learner a clear Idea how this is done, if be 
iquares any three Quantities as i»— *-«r*— z, in the Square he 
will find fix Terms, three of 'them being pufe Powers of the 

Qantitica 



or 41 



Of folving Equatiofis^ ,&c. ftf^ 

Quantities that are fquared, and the other three Terms will be 
<iouble ReAangles^ or Produ£b of thefe Quanties, and therefore 
any Expreffion that comes under thefe Circumftances, may have 
its fquare Root extracted. 

Now aaaa\%t\iit Square of - « - « 
AnAxxaa is the Square of - - «- - 

And 2xaaa is the double ReAangle, or Product of thefe Roots, 
And %hh a a \sxht double Re£langle, or ProduA of bh Ka a. 
And 2 hi X a is the double Re6tangle, or Product of bbxxa. 

From hence it appears that the above Equation of Ave Quan- 
tities has two of them whofe fquare Roots may be taken» and 
that the other tl|ree Quantities are double ReAangles of thofe 
two Roots, and a third Quantity £i, therefore multiply this 
Quantity ^fbyitfelf, and add the Produfl hbbb to bothJSidea 
of the Equation, which makes it a com[Jeat Square, thus, 

aaaa — f,xaaa^xxaa — ibbaO'^T.bbxa 
+ bbbb=:bbbb + bbxx. 

a a-^x a — bh = ^b bbb^bbxx 

aa-^xa^=ibb'\'b^ bb^xx 
aa—xa+ — = — +hh+b%/JS+ZZ 

2 4 
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6 m 2 


7 


7 +bb 
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Sen 
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9 Ml 2 


lO 


10 -4- — 

^ 2 


II 


1 


^ 

> 



= 4+/^ 



^bb + b\/bb+xx 

= 18.9 == A C, a different Value of 
what it bad before, for then it was 
only 8. 



To explain this to the Learner, if he extrads the fquare Root 

of an— -2;irtf -f**^^' ^ ^^'^ ^'^^ it to be tf — -jr, or x-^^a^ 
the double Rectangle, viz. 2a b having the Sign •— we are fure 
either «, or x mufl be negative ; but in this Cafe we are to de- 
termine which is to be negative by the Confequences that follow, 
for if there follows an impoffibility.in fuppofiog tf '-*-;r to be the 
Root, then the Root muft be ;r — a. 

^ To apply this to the Square before us, vix* aaaa'r^2xaaa 
J^xxaa'-^2bbau^2bbxa^bbbb^ 



Now 



. '-> 



2S8 
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ad 
xd 

hh 



Now the fifiare Root of aaaa is - * •* 
And the fqHarc Root of ;r * J tf is - - . 

- And the Iquare Root of ^ ^ ^ ^ is ... 

But as ixaaa the double ReAangle, or Product of aaxxd 
has the Sign — » therefore it mtift be in the fquare Root either 
aa'^xof or xa — aa^ but as an impoffibility attends putting 
it aa-^xa^ we now put it xa, — aa^ and to determine what 
Sign b b muft have in the Root, now the double Produd 2bbaa 
having the Sign -*^, therefore it niuft be +i* or **, as 
2bbx — a a produces — ^bbaa^ then taking th^ 



ilxth Equation 
7 uu 2 

9 — xa 
jq' — h^bb-^xx 



7 
8 



9 

ID 
II 



aaaa"'^2xaaa^xxaa — 2 b ba a 
+ 2bbxa+bbbb z=bbbb-^bbxx 

X a-^a a^b bzz^bbbb+bbxx 

:zzbi/ bb-^xx 
Becaufe ^ ^ is negative tranfpofe it 
aa -^b ^ b b-^ x x'zzxa^ bb 
a a^^x a '\'b ^ bb- ^xxzzib b 
a a-'^x a zz:b b-^b %/ bb-^x x 



Here the Equation appears quadratUj and becaufe -— iv^^^+;rx 
is greater than bb^ it is likewife ambiguous. 







11 c o 


12 


12 iw 2 


13 


' 




, X 

I3H — 
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XX 



XX 



a a — 



jta'{-' — = \^b-^^bb^xx 

4 4 



/7 



tf — — rri/ — ^bb'-^bi/bb'^xx 
2 4 

/ ^ 

az=: -^ +i/ —^bb—bi^bA-^xx 
.^ - 4 
= 7 + 1. 11=8.11 or5.89=AC. 



Queftlon ici. In the right-angled Triangle ABC, there is 
given the Sum of the Legs AC-|-BC=I4, and the Sum of the 
Hypothenufe and Perpendicular C D, ^r A B + C D = 1 4.75 To 
find the Sides of the Triangle ? See Figure^ '^e/lion 98. 

Let AC + BC = i4=*', A B-j-C 0=14.75=*, AC=:tf, 
AB=j, then BG=:;v — a^ and CD = * — ;'. 

Having now cxprcfled the Sides of the Triangles in Symbols, 
m which there are two that are unknown, therefore raiie two 
Equations from the Properties of the Figure. 

And 
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And becaufe the Triangle ABC Is right<-angled, therefore by 
47 / • I . I I I XX — 7,xa^2aaz:zyy 

And becaufe the Triangles A fi C, and C B D are fimilar^ 
therefore by 



4^.61 2 



in Symbols 
' 3 ••• 



3 

4 



AB: AC::CB:CD 
y : a :: x — a : b — y 
b y — ^ y = jr fl — tf dr 



. Now both the unknown Qijiantities being to the firft and 
fecond Power, in the fourth Equation, and it being yy only in 
the firft Equation, and thefe two Equations containing the Con** 
ditioiis of the Queftion, find the Value of yy in each Equation. 



4± 


5 


y y zizb y ■\' a a '-^ X a 


I . 5 


6 


by^aa — x a z=z x x — ixa-^^a a 


6 — aa 


7 


by — X azux X — ix a^aa 


1+xa 


8 


byz=:x X — xa-^aa 


• 


9 


XX — X a~\^a a 


y - b 



Raife this Equation to the fecc^d PoV^er, and make it =r to 
the firft Equsgtion as there it is only yy^ whereas in the fourth 
Equation it is by and yy^ that if we were to exterminate/ from 
(he fourth Equation, we muft ufe the Values of y and yy. 

xxxx-^zaxxx-^-zaaxx — laddxAraaxxA-'aaaa 
33^ X _ ^ Tl_ 

XX X X — 2 axx x-^i aax x — zaaax ^-aaxx-^-adad 

xx-^T.x a -^2a a 
XX XX — 2axxX'\'2aaxx'~^2aaax'\'aaxX'-\^aaa 
zizxxbb-^%bbxa-^2bbaa 

Tranrpofing:, dnd ranging the Equation according to thehigbeft 
t)imenfions of the unknown Quantity. 



9 ©>« 2 


lb 


'I . 10 


II 

4 


XI X hb 


12 



i2^±h3 



aaaC'^T^xa aa'^laaxx-^%hbaa^a axx 
''^2'axxx-^2bbxa'\^xxxx'-^xxbb:=0 



Tho' the Equation now appears to be aJ/e^iJ, yet the iquare 
Root may be compleated as in the laft. 

To (how the Learner how this is to be done, tf he fquares any 
four Quantities (for the Root of the above Equation will confift 

Pp of 
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of (o many Quantities) he will find ten Terms in the Squarcj^ four 
of which arc pure Powers of the Quantities that were fquared, 
and the other fix will be double Redlangles of thofe Quantitie?, 
of which each particular Root will conftitute a part of thrdt of 
the Redangles. 

Now in the above Equation a ada^ aaxx^ xx xx. 
Are the Squares of - ^ ^ a a^ ax^ xxj 
And the Quantities - ixaaa^ laaxx^ laxkx are 
the double Redangles of thofe Parts, or Roots. 

And by examining - ihhaa^ 2 bbxa^ x xbb^ the re- 
maining Terms in tl^ above Equation, the firft two are double 
Redangles of bbxaa and bb xa x^ but the laft Term is only 
a (ingle Redangle of ^^ xx;c, therefore to compleac the Square 
there wants -^xxbb^ which when added to ^^xxbb^ will 
make that a double Redangle of bb y xx^ and as we have no 
pure Power of b b^ which being fquared is bb bb^ hence if we 
add —-bbxx^bbbb to our Equation we £hall make it a 
Square, therefore 

14. aaaa — 2xaaa^2aaxx''^2bbaa'^axx 
— ,2axx x^2bbxa^xxxx'-^2xxbb 
^bbbbzz^hbbb—xxbb 

Before we proceed, perhaps the Learner might have obferved 
that XX bb is the Square of x by and therefore might fuppofe 
that to be one of the Roots, but then he will find a*^ to make 
a Part only of two of the Reflangles, whereas, if it had been 
one of the Roots, it Would have made a Part of three of the 
Redaflgles. 



14 ou 2 I 15 



a a — ax ^xx — bb zsj/bbbb — xxbb 
z=.b\^ bb — XX 



The Mianner of extrad;ing this Root is, I firft extra£l the 
fquare Root of aaaa which is a a^ then the fquare Root of 
ha X X the next pure Power is a x^ and to determine whether 
a X muft have the Sign -f- or — , obferve the Sign of the double 
Re&angle of thefe two Roots, viz, of 2x aa ay which becaufe 
it is — I therefore in the Root make it — ax. 

The noKt pore Power is xxxx whofe Root is xxj then ob- 
ferve the Sign of the double Re6langle of this, and one of the 
two fornn^er Roots, as of 2adxx which being -f- ^^d tfat Root 
a a bluing -^ (hcrefotc ii| the Root make it +^A^ . 

The 
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The laft piire Power is ibUy wjhofe Root iaH, then obfervc 
the Sfgn of the double Reflangle of this and one of the former 
Roo^» jas tibe laft Root x x, but ^ double RciAangle of thefe is 
2xxbb^ which being »^^tf//W, and the ISign of ^;r being -^9 
therefore place the Sign — - before hb. 
. Now we go Oil with our Woiik* 



y 



iS-^xx 

ij c a 



3p8 mti^: 



*9 + - 



i6 
18 



a a — ax'-{^xx:=::bb'^.bi/^jhb'^xx 
aC'-^ax'zz.bb'-^xx^b^bb'^xx 

.'I X X 

a a — a X '^ — z=,b i*— ^ «+. 

4 

XX 



19' 






.*^^^ — ^;c;r, for 



4 



3 Jf ;^ 

^ 4^ 



•XX "::=,' 



^ ±-^^ 



'XX 



w-P 



ao- x^ = ys^bb — ^ \Jf\/bb — XX 

^ 4 

= 18.79 = AC which is impoffible, for AC + Be=i4 by 
theQueftion, confcquently AC cannot be 18.79 

This impoffible Conclufipn is Oiwing to taking ilie iRpot of the 
Equation at the fifteen thStqp, for as — ^ Jx*«-*-^.4 produces 
aaaa^ as well as tf 4 x « «> -therefore in the Extraction of (iich 
Roots, it is doubtful whether the Root is — - tf, or a, let us 
now make a new ExtraAion^ ^d fuppofe it to be -r** j a. 



14 101 2 I 21 I '^aa^ ax'-^xx' +bbx^bi.bi'gr'^xbb 
I I ^b^bb—xx 

Hmog iiippofed the Root of a a aa the firft pure Power to 
be — a a^ f 'go to the next pure Power which is aaxx^ the 
Root of which is a x^ but to determine its Sign, obferve the Sign 
of the double ReAangle of .fihefe ,two Roots, viz. of %a aax^ 
which being -^, I therefore jjnake it +^*> as -^ into + 
produces -— . 

The next pure Power is xxxxj whofe Root \& xx^ then 
obferve the Sign of the double ReSangle of this, and either of 
the two former Roots as qf .0 jr, now the Sign of 2axxx\s ' — ^ 
therefore in the Root make it — -;ir «*, for -^ax x -^xx produces 
^"^axx X. 

The laft pure Power xsbbbb^ whofe Root is b j, and obferve 
Xhe Sign of the double Redbngle of this, and either of the other 
Roots, as fuppofe the laft, the double Rectangle of thefe two 

P p a^ Rpota 
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Roots is 2bbxXf which being -— ^ therefore make it -{'bb zs 
'^xx xbb givci — x xbh. ^ 

Now we go on with the Work, and tranfpofe a a it being 
fitgativi. 



2i*+g a 

^t'^bi/bb'^xx 

513— -tf jr 



22 

»3 

24 



a aJ^bi/bb^^xxzzLUx^^ xx^bb 
aa-nbb^ax^^xx — b V bb — fX x 
aa^^a x^=^bb'^x x^r^b y bb — xx 



Here the Equation is quadratic^ and becaufe — Ar;f — 
iy bb'^xx is greater than b b^ it is therefore ambiguous. 



24 f D 


25 


25 wa 


26 


46+ * 
^^ 2 


»7 



^4 4 



** 



3** 



a 4 

2 4 



924) 4025 
22^ 



»=I4 
jr=i4 


*=H75 
*= 14.7s 

7375 
10325 

5900 
1475 
217.5625=3* 1 

— 196 ZZl^XX 


^ 56 
14 


r=:l96 




21.5625 (4.64 = ^r*'-r-;^^ 
16 




86) 556 
516 



>4^7$ 



0£ folWog Eqiiations;' &cl 



*53f 



14-75 = * 

4.64 =: yST-^-xx 



5900 
8850 
5900 



68.4400^^4^3^—** 

147. = Y 



xxs^ 196 
3 



4)588 = 3** 

J47 = 



215.44 :^h^ bb-^x ;tf + 



3^* 



217.5625 =:i* 



— 215.44 =:— ^ — m^it/bb — *^ 

4 ^ 

r 



■n^ 



2.1225 (1.46 ncareft =si/i3-^ = — m^l^bb^^^x 



24} 112 
96 



286) 1625 



7=T 



8.46=:<i = AC. 



;r;i; 



pr 5.54:=: 17=;: AC. 
But if = 8.46, then by the ninth Step y = 



^X'^x4'{^a 



mmkmm 



a 

x\ 



:8.46 
: 14. 

3384 
846 



d* IS 11^.44 



e.46 



194 d h Q % B R A. 

8.46 =tf 

8.46 =:i 

5076 

3384 
6768 

« 

71.5716=?^^ 

196 =s * ;r 

267.5716= tf II + *# 
•—-118.44 =-^tfJiP 

^ :3s 14.75) 149.131^ (io.H=5j^=:AB. 
. H75 
1631 
M7S 



1566 

.'^475 

'^ % m — .i 'l 
91 



Becaufe tf =:; A C = 8.46 therefore B C :;= a* — - ii — 5.54 

That thefe are the three Sides of a right-angled IViaogk may 
be tried, by fquaring and adding them to fee if they «gr^ with 
the Property of the Figure. 

5.54 lO.II 8.46 

5.54 10. 1 1 8.46 



2216 lOM ir<57^ 

2770 low 3384 

2770 lOIIO 6768 



>■ ■ ■ ■■ Wi^fc 



30.6916 I02.2I2I 71.5716 



i*i 



102.2632 
I02.2I2I 

•05 1 1 Difference which arifes fixMst the Inaccuracy of thft 
Fradions. 

"But if tbi loft Procefs is too perpUxing^ fbe famt ^uifticfi maj 

Let 



Let A C H^ B € =a J4.=:£ *, and <t r£ the EXifeFeAco between 
A C and B C, vrbencc as in the former Queftions the grcat^tf 

Leg or A C = ^^-i^y and the fcffer Leg: B C is: — r-^- 

AgaiB^ut AB-fei>= 14.75=*, and the Difference be- 
tween A B and CD ssj^r then for the Reafcns already men- 

tioncd A B = -=t2, aid C D=: -—^. 

2 2 

Now becaufe the Tiriaflgie A C B is right-angled. 



by 47 if . I 



xx'^T.xa^aa xx'^2xa'^aa 

bh'\-2by^yy 



Becaufe the Triangles A C B and B C D are fimilar, theiefoi* 



by 4 ^ . 6 
in Symbols 



• • 



3 

4 



from the firft I 5 



AB; AC::BC:CD 

b^y xA-a x-^a * — y 

* "^ • . •• .11 -I ■ • .li t ml* 

• • " •• • 

2 2 2 2 

Bb — yy xx — aa _, ^ 

_. i^ :::::: ' or 5*--^===jr;r-i*i«r 

4 4 

jf jr -4- ^7 tf ^^■4^2*y + yjf 



The Qucftion being contained in the fourth and jSith Equa- 
tions, and there being no other Powers of a hut a a in both thoie 
Equations, exterminate that unknown Quantity. 



7 
8 



4 + 

^X4 
,7 — 2^;r 

8-^2 

6 • 9 

10 xl[ 

ti-^yy 

T2 -{- 2 b b 

13 — 2 Af JP 

14 -^ 2 *ry I 15 



XX 



ID 

II 

12 

13 
14 



2xx^2aa':=,bb^2by 4-y> 

2J<7I=** + 2Aj^-f"J'^ — 2X X 

bb'^2by+yy — 2 XX 
2 

• 11 ** + 2* y+yy — 2 
'^^+>J'— **== ^ 

2;^;r-f.2yy — 2ii=**+2*y+J'y— i.^** 
2xx'f'yy — 2bb = bb'\-2by'^2x^ 
2xX'^yyts.^b i^-4-2iy— •2jr Ji? 
yy'=z'^bb-\'2by^^J^xx 
yy-p-2*y3s3**-i— 4;r^ 

Hero 



r ' 
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Here the Equition is fuairatic^ and fince — 4;^;^ h gieatir 
,tl^ ^bb it h ambigkius. 



ISC o 
to lui 2 

17 4-* 



16 

18 



yy^^^by + bbz=lbb + i^iA^J^.xx 
:^^b b — J^x X 

y — ^ = 4/4 ^^ — 4Jif;y =:2 V^i^-^^TT 

jp=*i2i/^^ — * A- =14475 +9.3 
= 24.05 or 5.45 



But jF cannot be I4.05 for the Sum of the Legs is only 14.75 
therefore 7 = 5.45 

then by Step 6th | 19 | tf = i/;r;r+yy — **= 2.85 



ThenAB= 



^*+/« 



= lo.i A C = 



jr + ^ 



= 8.42 B C = 



IP— tf 



-5*57 which three Numbers nearly agree with tiie 

Property of the right-angled Triangle, but not exadlly, becaufe 
of the ImperfeAion of the Fradions. 

The Reader may obferve, that in feveral of the Geometrical 
Queftions^ after Letters are put for one or more of the unJbnown 
^ Quantities, we then get Expreffions for the other Parts 6f the 
Figure from its Properties, and therefore avoid ufing a greater 
Number of unknown Quantities, and in general the folutioh of 
Queftions are more neat and elegant, the fewer unknown Quan* 
titles are ufed in the Work. 



The Method of refolving Queftions, which 
contain four Equations, and four un- 
known Quantitiesv 

72.'0 U T if the Queftion contains four Equations, and there 
JD are four unknown Quantities in each Equation : Then 
find the Value of one of the unknown Quantities in one of the 
given Equations, and for th^t unknown Quantity in the other 
threp Equations write this Value of it, which then reduces thor 
Queftipn to three Equations, and three unknown Quantities. 

Them 
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Thei! find the Vahie of one of thefe three unknown Quan* 
tides lii one of thefe three Equatbnsj and for that unknown 
Quantity in the other two Equations write this Value of ic» 
which reduces the Quedion to two Equations^ atid two un-» 
known Quantities. 

Then find the Value of one of thefe unknown Quantities in 
each of thefe Equations^ and make thefe two Equations equal to 
ohe another, when we (hall have An Equation with only one 
unknown Quantity, which, being reduced, will khfwer the 
Queftion. 

• 

Queftion 102. AFatbir gakji tooctl. to his four Sofis A,B, C,D. 

j/nd if A'x Shan was added to twice B*s Share^ from which 
fubft ranting twice C'/ and twice D*i Sbare, there remains 650 
Pounds: 

And if from A'l Share then is fuhftraHed three times B*r Share^ 
to this Remainder adding twice Gs Share^ from which Sum fub^ 
ftraSiing five times D'j Share^ there remains 400 Pounds: 

But if to A*s Share there is added four times B'j Share^ from 
which Sum fuhJtraSling three times C'l Share^ to this Remainder 
Adding fix times D'j Share^ the Sum is 1 150 Pounds. How much 
had each Son P 

Let tf = A's Share, e == B'^ Share, y = Cs Share, a a: DV * 
Share, j=iooo, mzzb^o^ a =±400, ^ = 1150. 



a^4. ^—3 y^6 u:=zb J 
tf=:j — tt— y — ^ 
j + #^3f — 3ir = OT 
J— 4 e^y --— 6 w = « 

Here the Queftion is reduced to three Equations, and three un« 
known Quantities* 





I 




a 


from the firft 


3 
4 

5 


5 . 5t 


6 


5 • 3 
5^4 


7 
8 



from the fixth 

9 . 7 
9.. 8 



9 

10 

II 



S 4OT— 12« — I2y + 4J+^'^^* 

^+3^+9«+9;'— 3^--"4J'+5 « 



n 
h 



. • . • 

Here the Queftion is reduced to two Equations, and two un- 
known Quantities. 

Q^q IQ con* 



»98 

10 contraded 

11 contraAed 

from tbe twelfth 
firomthethiruenth 

14 . IS 

16 X 

18-5-64 

then by Step X5th 

and by Step gtb 
and by Step 5tb 
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12 1 5 i — 4 m — 18 K — n y = «- 

13 -.2J-)-3m-f i4« + SJf = ^ 
>4 



15 

.16 
17 
18 
'9 

20 

21 
22 






5, — 4»— i8»—- « 

y= n ^ 

_ 5 + 21 — 3/w — 14«^ 
*4-2x — 3m — 14« _ 51 — 4mt*^l8tf— « 

5 n 

ii*+22j— 33«i— iS4«=*S^— M» 

— 90«— 5« 
64%=ziii — 3x— i3w+S« 

„ ^ iLizilri!l!H:iL« == 50, the 

64 Share of D. 

- =: \JL-I 5 1- s= IOC, the 

5 Share of C. 

i=zm'{'2t'+3y — '=100, theShareof B. 
az=:s — H — / — ^==750, the Share of A. 



And in tbe fame Manner may any other Queftion in tbe like 
Circumftanccs be anfwcred. "^ 

We fliall now add a few Queftions of a different Nature, the* 
they are fuch as art generally propofed to Learners, and which 
require a little more Sagacity to exprefs their Conditions, and 
have therefore hitherto been avoided, imagining the Learner is 
more perplexed to exprefs, or find out tbe Equations refultii^ 
from thefc QuefUons than to refolve thofc Equations ; and tbcre- 
ibre I thought it not proper to perplex the Learner with them in 
the beginning of this Work. 

Queftion 103. J Per/on hugbt iwa Harfes A and B, wbich 
with the Trappims coft 100 Pounds : 

Now if tbi Trappings wire laid on ibi Horfi A, both Horfes 
will be of equal Value. 

But if the Trappings be laid on tbe Horfe B, be will be dnAU 
the Value of tbe Horfe A. How mucb did tbe Herfes cq/l f 

Let i =;= 100, tf = the Value of the Horfe B and Trappings,' 
then h — := the Value of the Horfe A* 

- Now becaufe the Horfe B and Trappings arc double the Va- 
lue of the Horfe A, 

hence 
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hence 

I-I-24I 



«99 



I a=s zi^^ia by the Queftion 

3 tf s= 2 i 

2* 200 ,^ 2 ^ , ^,: 

asr — = — =66-- Pounds the 
3 3 3 

2 

Price of cheHorfeB and Trappiifgs. Confequently lOO-— 66 — « 

3 



a-M 



2 

3 



= 33 ** Pounds, the Price of the Horfe A. 

But to find what the Trappings coft, and by that means to 
find the Price of the Horfe B, let j^ = the Price of the TrafSpings. 

Then becaufe if the Trappings were taken from the Horfe B, 
and laid upon the Horfe A^ both norfes would be of e^ual Value. 



therefore 

* 


z 




i+y 

I 
2 — 33 — 

3 


2 

3 


33 J + 2^=66 -J 
*' = 33f 


3-^2 


4 




J'==i6 — Pounds, the Price of the Trap* 
3 (pings. 


Confequently 33 


I 2 
— + ^6 — =50 Pounds, the Price of th<f 


Horfe B. 




•^ 



Qiieftioa 104. Jt Lsihmnr in 40 ^ais Lahur favii 28 
Crntmt •«• thi Pof tf tbne fFwiis^ and found hi b^d Jpent 36 
Cr$wns -f- tb$ Pay of ilevtn Weeks. How much did be receive 
a Week? 



28—- 3^ 
36+1111 



Let a = his weekly Pay. 

Then he had faved Crowns • • . 
And ^peoc Crowns ' ^ 

64+ 9u 

And as the Sum of thefe two muft be equal to what he received 
for his forty Weeks Labour^ 



therefore 
I — 85I 



I 

2 

3 



40 tf = 64 4- 8 ^ 
32^ = 64 

n ;?: 2 Crowns, bis weekly Pay. 

Q^q 2 Queftion 
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Queftion 105. J Strvant was bind for i% Months^ for which 
hi was to bavi 24 Pounds witb a Cleak^ whin be hadfervedi 
Montbs bi bas leave to go away^ and injiead of bis Wages receives 
a Cloak and 13 Pounds. How much did tbe Cloak coft ? 

Let tf =r the Price of the Cloak, &=I2, d^2^ m=8» 

Now d^a IS what the Servant was to receive for ferving 
twelve Months. 

But jr + <7 is what he did receive for ferving eighth Months. 
And as the Pay for eighth Months was proportional to what 
he was to receive for the twelve Months, therefore,. 

d -{-a :h :: X -\' a:m \ becaufe when any 
four Quantities, or Numbers, are in 
Geometrical Proportion, as the Pro- 
duct of the Extreams and Means are 
equal, 

2 md'-\'ma = Bx'^B a 

3 ha-^mairzm d'^bx 

md-^ix _ , ■ .^ . 
a = — r ^ 9 Pounds, the Price 

(of the Cloak. 



therefore 

2 + 



3-t^^ — W 



m 



^ Queflion 106. There is a Footman A, who goes 6 Miles a Day^ 
and 8 Days after ^follows him and goes lo Miles a Day. In 
bnu many Days will B overtake A i ' 

Let * = 6, rf=8, m=i6, ^=theNunjber pf Days B 
travels to overtake A, then as A began to walk eight Days 
before B, ' 



Hencc.the Number of Days that A travels, is 
Aivd the'Number of Miles A travels, is 
And the Number of Miles B travels, is 



d + a 

h d'^Ba 

ma 



I 
2 



But when B overtakes A, they muft have travelled an equal 
Npmber pf Miles. ' ^ 

m a zz: h d -i- b a 
m a -^^ b ^^zzz h d 

bd 
^ ^ fUm = *^f the Number of Days 

required, or the Time in which B 

I will overtake A, "'. ^ ' 

Queft|oQ 



Therefore 
iT—ba 

^-hm-^b 
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Queftiofi 107. 1/ a Scribt can in 8 Days wiu 15 Sbnts, 
How manj fuch Scribgs can writi 405 Shuts in 9 Days f 

Let a = the Number of Scribes^ 5 r= 8, ^=15, m =4059 
Jf = 9. 

dn 
6:d::n: -p the Number of Sheets the 

Scribe can write in nine Days. 

-r- : I ::«: -7- = the Number of Scribes 
p an 

to write the 405 Sheets in nine Days s 

a =: -7- = ^-^ = 249 the Number 
^* '35 (of Scribes required. 



Then 


I 


and 


2 


hence 


3 


( 





< 



Quefiion io8. A can Jo a piece of Work once in 3 Weeks'^ B 
can do it three Times in 8 Weeks^ and C can do it five Times in 
12 Weeks. In bow long Time can they do it jointly f 

1m, a rz: the Time required, ^ == i, i = 3, ^ = 8, » = 5> 
j^n = 12, the Number 3 occuring twice, I put only d for it. 



Then 



and 



and 



ha 
i : * : : tf : -T-, the Part of the Work 
a 

that can be done by A in the Time 

fought. 

gid :.a : ' — , the Part of the Work 

that can t^ done by B in the Time 

fought. 

na 



mm:: a: — , the Part of the Work 
m 

that can be done by C in the Time 

fought. 

And as thefe three Parts are to be equal to i, or one Work» 
therefore. 



wh^pcp 



3 tf i/tf na 



a =: 



^^ 



■«» 



by 
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by redacing the FnAiofls H "f* + ^ ^^ ^ totnmoii Dcihh 

iniitttor, and adding and abl>iariatiqg than we flull find 



3 + 8 ^^12 8 



I • 
Whence « = — = — of a Week, by the Rule for Divifioii 

S, 9 (of Vukar fraaions : 

8 

If the Week confifti of 6 Days 

8 

9) 48 (5 D«y« 

45 



And the Day confifts of 12 Hours 



9) 36 (4 Hours, that is, they w|| per- 
36 form the Work in fivei Days 
four Hours. 



Or the Equation 
4 )c i 

J X m 
8^ 



ia . da 



na 



d 
6 

7 
8 



^ Z-l ^ zj: — j^ may be reduced thus; 
dda dna , 

*«+-:- + — -=^ 

gta + dda+ i— =^i 

mgBa'+mdda^gdnaz=:mg d 

mgd 288 



rngJ^^^^Hndd^+gdu 
g 

= — of a Week a^ above. 
9 
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J 3. Having in this eafy familiar Manner, and by thefe general 
univerfal Rules explained to the Learner the Elements of 
this celebrated Science, it may not be improper to raife his 
Curiofity, and animate him to exercife his Judgment in the Choice 
of Quantities for the Solution of the fame Queftion, to give an 
Inftance how much the Solution of Quedions becomes more neat 
and elegant, by a judicious Choice of reprefenting the unknown 
Quantities. The Queflion and its Solutbo is from the ingenious 
Mr J o ti N Wa R dV Young MatbmatUian's Guide. 

Queftion 
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Queftipn 109* ^ Man playing at Hazard^ or Diesj won the 
' firft Throw juft fi mufb Mbmy as be bad in bis Pocket ; the feconi 
Torow be won the fyuare Root of what be then body and five 
Shillings more; the tbir4 Throw be won the fptare of all he then 
iad; after which bis wheie Sum was 11% h l6x. od* What 
Money bad be when be began to floy f 



Suppofif 
dien 
and 

a + 3 
4 + S 



X Va = his firft Sun. 



a 
3 

♦ 
5 



2 47 = his Sum after the firft Throw. 
i/2a:-4-5= his Winnings at the fecond 

Throw. 
^^^ai'^-'Za'^-'^zzhis Sum after the 

fecond Throw. 
2a'+'J^a\/ za-^-ioi/ia-i-^a aJ^lo a 

H-* 25 = his Winnings at the third 

Throw. 

24.a^4.ai/2a'^*jt^2a'{-^aa^2^ 
zz, 2256 Shillings. 



Now to avoid tbtfcfurd ^antities^ let us make a lecond Sup- 
pofitions for 

Let I 2aaz=zhin firft Sum. 
then 2 4 tf 47 = his Sum after the firft Throw, 
and 3 2 tf 4* 5 = bis Winnings at the fecond 
Throw. 
2 + 3 4 4tftf-f.2^7-f<5=his Sum after the 

fecond Throw. 
4^2 5 iSaaaa-^ i6aaaJ^/^oaa'\'20a'^j^aa 

4- 25 =: his Winnings at the third 
Throw. 
4-f'S ^ i6aaaaJ^i6aaa'^J^%aaJ^22a'^y^ 
\ = 2256 

But to avoid thefe high Equations, let us make a third Sup- 
pofitioa, lor 



Let 


I 


then 
and 


2 
3 


2 + 3 


4 




; 



a a 



= his firft Sum 



tf tf = his Sum after the firft Throw, 
tf + 5 = his Winnings at the fecond 

Throw. 
aa-\^a^^ his Sum after the fecond 

Throw* 



But 



5 + 6 

y c D 

8 ftv 2 
9 — 0.5 

5 • 10 

11 — 5 

12 c o 

13 w 2 

14 — 0.5 

whence 
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But as It was the Square of aa+a + 5 he won at the third 
Throw^ to avoid the Trouble of fquaring ity 

iubftitute 5/ = tftf4-iar^5 

then 1 6 # / = his Winnings at the third Throw^ 

coofcquently 
giJ^i = 2256 Shillings. 
i # -j-tf -1-0.25 s=: 2256.25 
/ -fb 0.5 = 47.5 
# = 47. Beouife at the £fth Step # was 

fubftituted for tf a -{- ^ 4" 5 
a tf 4.^4. 5 S3 47 

a •4- ^ = 42 

IT tf 4 tf -f. 0.25 = 42.25 

tf 4- 0.5 =s 6.5 

-^ =r 18 Shillings, the Mofley he bad 
^ (when he firft begui to phy. 



9 
10 

II 
12 

13 

15 
16 



The Learner will eafily obferve, that the third Solution u more 
neat and elegant than either of the other two ; tho' I know of 
np gtmral Rule that is given for the Choice of the Quantities to 
ftate the Queftioo, but it is left to the Judgment and Sagacity 
of the Reader, and as-fuch Methods mutt be attended with par- 
ticular Difficulties to a Learner, I have avoided the perplexing 
him with them \ tbo' as he has now a general Method of manag- 
ing Equations, or folving of Queftions, he may exercife hts 
Judgment at his own Difcretion, in the Choice of different 
Quantities to reprcfent the iame Queftion. 



The Method of exprefllng the Power of 
any Quantity, by placing a Figure over' 



It- 



74.T T may be further obferved to the Learner, that there is a 

X more compendious Method of expreffihg the high Powers 

of any Quantity, by placing a Figure over the Quantity thus, 

a is a aaa^ and a is a a a, and a u a^ and a b is aahhb^ 
that is, the Figure that (lands over the Letter fliows to what 

Power 
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Power that Litter, or Quantity, is involved, which Method of 
Notation is generally ufed when the Powers rife high. The Fi- 
gures placed over the Quantity are called Exponents^ the Mind 
being a little accuftomed to this Method of Notation, will as 
cafily manage an Algebraic procefs, when the Powers are ex- 
preffed by Expomntsi^ as if they were repeated at length ; and for 
the further eafe of the Learner, in this Method of Notation, we 
will refume the Solution of Queftion 87, expreffing the Powers 
by Exponents^ that the Learner may compare both the Opera^ 
Cions together. 



I 1 

1 


I 




2 


1 + /' 


3 


Z — m 


4 


2 — e 


5 


4. 5 
6 + t 


6 

7 


i + m 


8 


9 


9 — a* 


10 


10 ^ 2 


II 


2 J II . lO 


12 


12 in Numbei^s 


13 


13 contracted 


14 


14 — a* 
15 + 2 a^ 
16 + 188 « 
17 -^ 187 a 


15 
16 

17 
18 



"l +''"'*='"} to find a and e. 

e^^ez=:2a 3 



a* -j- tf — m = «* 
i^ z=: 2 a — e 

a'^ — m'\'i'=.a 
a^ -{^ e =1 a '-{■•' m 
e "=. a -\^ m — a* 

e^z=:a^J^2am'\^m^ — la^ — 2ma^+a^ 
tf*-f.2/iwi4-OT* — 2a^ — 2ma^'^a^J^4 

--f-m — a* 1=1 2 a 
188^+8836— 2a^ — i88<?*+a*+tf 

-|. 94 = 2 <7 

187^4-8930 — 2a^ — i88tf*+a+=ro 
— «*= 187/14.8930—2 a^ — 188 a* 

— i2*4-2fl^ = i87<?+8930— i88tf* 
— fl*4^2a'4-i88fl*=i87tf4-8930 
— fl*4.2a'4-i88fl*— 187 ^=8930 

In the fame Manner the Learner may attempt the Solution of 
any of the other Queftions, expreiSng the Powers by Exponents : 
One thing is to be carefully obferved, that the Exponent belongs 
only to the Letter which ftands under it, and when it is only 
Unity, or i, it Is never fet down, like the Co-efficient when it 
is Unity only, which is generally negleded in the Expreffioiu 



Rr 



The 



The Method of knowing if a Queftion is 
limited, or admits but of one Anfwer ; 
or if it is indetermined, that is, admits 
of feveral Anfwers. 

7J.TT may be further obferved, that after the Queftion ii 
X fiated, that is, all the Equations are expreiTed which are 
neceflary for the Solution of the Queftion, then if there are trure 
unknown Quantities than t]iere are Equations^ that then the 
Queftion admits of a vanity of Anfwers, and is therefore unli« 
mitcd or indetermined, ex. gr. 

Sui^fe «+ ' = f I to find a, e, and 3. 
And /-f«^=:20j ' ' -^ 

Here there are three unknown Quantities^ and only two 
Equations. 

Now e being in both the given Equations, you may fuppofe it 
lany Number under 20, the leaft of the two given Numbers, as 
for Example fuppofe #=16* 

Then the firft Equation is ^ -(- 16 = 40. 
And the /econd Equation is 1 6 -{^ y = 20. 

From whence it will be eafy to find a and y, but. if / is /iip- 
pofed any other Number under 20, then there wijl be found 
different Numbers for a and y^ and the like of any other Que- 
ftion where the Number of unknown Quantities are more than 
the Equations which arife from the Queftion* 

But when the Number of given Equations are juji as matiy 
as the unknown ^antities required .to be found, then the Que- 
ftion, generally admits but of om Anfwer,^ for then each of th$ 
Quantities fought hath generally but one iingle Value, thus as 
at Queftion 77, where we have 

I tf + ^-fy=:J=: 18 
^ ^ + 3' — 2y = m = 9 
3 ^ + 4J'--2t/;=^ = 2l 

tfhere «=:5, # = 6, and 7 2=7.. 

Biit 
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But when the Number of the given Equations exceeds the 
Number of the Quantities fought^ they not only limit the Que- 
ftion, but often render it impojjthle^ as one of the Equations may 
be inconfiftent with another \ as for Example9 



I 

2 
2 




to find a and e. 



Now here are three Equations, and but two unknown Quan- 
tities, and the firft and fecond Equations include a poflible Cafe, 
and it may be found what the Numbers are. 

And if we take the fecond and third Equations, they like- 
wife include a poffible Cafe, for it may be determined what thofe 
Numbers are. 

But all three Equations together render the Cafe impoi&ble, 
the firft Equation being inconlpatible with the third, as the Sum 
of two Numbers cannot be lefs than their DiiFerence. 



To raife or invent a Method to cxtradl the 

Cube Root. 

76.^Tr^ HIS is no more than the Metho4 of Converging Series 
X applied to the ScJution of an Equation, one Side of 
which is the unknown Quantity, and is a pure Cube, or railed 
to the third Power only, ex. gr. 

Suppofe aaa:=: 9261, where 9261 is a Cube Number, that 
to find what <?, or the Number is that being cubed will pro* 
duce 9261, is to extrtf£): the Cube Root of 9261. 

By the comjSion Method of diftinguifliing, of how ma- 
ny Places the Root will confift, by placing a Point oyer the 
Place of Units, and another over every third Figure, the Root 
will confift of two Places, therefore fiippofe the Cube Root 
tb be • - * - 20 

20 

400 

20 



8000 which being lefs than 

920^ the given Number, the Cubeiloot of 9261 muft be more 

thsQ|;r':^o. 

R r 2 Now 



3o8 ALGEBRA. 

Now put r =: 20, and e for what 20 wants of the true Root^ 
then is r^^izzza^ or the Ciibe Root of 9261, and proceed as 
in the Method of Converging Series^ Cafe i. Page 230. 

If| i|r + r = iJ, 

Raife this Equation to the third Power, becaufe it is the Cube 
Root, which h to be extraded. 

aaa-=z 9261 by the Example, 

Put this Equation into Nuipbers, and reje^ all the Powers qf < 
above ^ /, as in the Method of Converging Series. 



I ©.3 


2 


but 


3 


* • 3 


4 



4 in Numbers 

5 — 8000 
6^60 



20 + ^ 



8 



8000 4* 1200 /+ 60/^ = 9261 

Becaufe 8000 is lefs than 9261, tranf- 
pofe 8000 

1200^+ 60 ^f= j26r 

Dividing by the Co-efficient of e e, 

20/ + ^/ = 21.01 

Dividing by 20 -|- ^> that is, by the Co- 
efficient of e plus if as in the Method 
of Converging Series, 
21.01 

"" 2P+C 



Operation in Numbers, 

20) 21.01 (i=:< 
J^ezn I 

Divifor 21 21 



01 Remainder rejected. 



r = 2p 



^ + '=21= tf, which being tried will be found to be thq 
Cube Root of 9261. And by the fame Method may the Cube 
Root of any other Number be extraded. 

But to fave the Trouble of repeating this Operation, when 
any Cube Root is to be extrafted, the above Procefs may be 
made more general, by not turning the Equation at the fourth 
Step into Numbers, and, putting any Letter (qt the given Num- 
ber, whofe Cube Root' is to be cxtiaaed, 

Suppofe 



3^9 



^ To extraft the Cube RoQt 

Suppofeas before ^^^ = 9261, let ^ = 926i. 

Then aaa:=zb, to find a, or to cxtrad the Cube Root 

Now make a Suppofition that 20 is the Root, which being 
tried as before, it will be found too little. Then put 20 = r, 
and becaufe 20 is too little, r in this Cafe is ufually called UJs 
tbanjuft ; and for what r wants of the true Root pu^ ty whence 
rJ^e will be the true Root, or equal to a. 

Hence i r + # =; <y 

Raife this Equation to the third Power 
as before. 
I ©* 3 2 r rr+3r rr+3 r#tf + *//i=:tf tftf 

but 3 aa azz.b ?^ above 
2 . 3 4I rrr-j-3rr ^ + 3r#^4.^/# = * 

As we know r rr to be leis than ^, by finding the Cube of ?o 
^as lefs than the given Number, therefore tranfpofe rrr^ and 
ipjoEt the Powers of e above e $. 



J^^^rrr 



S-^Zr 



Dividing by the Co-efficieot of / ^ 

+' h — rrr 

3^ 



As there will be another Divifion before the Operation is 
finiO^ed, to keep the Fradlion as fimpk as maj be, fubftitute 

Z)= -. . 

3^ 
Then I 7 \r e+.ii = D 

Now dividing by r + /, that is, the Co-effident of / fiis i* 
7-T-r + J s\i = -—^, THEOREM u 

Operation in Numbers, 

^ = 9261 
mm^rrrz^:''^ 0000 



3r = 6o) 1261 (21.01 =/>« 

120 

60 

60 



40 



rasad 
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rzzio) 21.01 = 2) (i = ^. 
I>tvifor2i 21 
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rr= 20 



r -(- r =^ 21 =: tfj tbe Cube Root reared as before. 

yiir9f (uppofe it was required to extradl the Cube Root of 
13265 1. 

Here accQtrding to tbe Method of pointing, the Root will con- 
fift of two Places, and to make a tolerable near Suppotition at 
the fir ft Trial, the firft Period being 132, I confider what 
whole Number cubed will be the nearefl to 132, and I find ic 
to be 5, then as the Root confifts of two Places, I fupply the nesct 
Place with a Cyphir^ and Aippofe the Root tp be 50, which 
I know is lefs than the true Root, as the Cube of 5 is leis 
than 132. 

Hence as before we are to determine wh^t the Number is, 
that 50 wants of the true Root of 132651. 

That putting r = 50, and e whac it wants of the true Root, 
and b:=: 1 3265 1, we have juft the fame fubftituted Letters as in 
the laft Example ; and as the Operation being repeated will be 
cxaAly the fame, it is therefore needjefs to repeat the Work, 
but onlj obferving the Equation, or TJ^^onm' to find ^, which 

D h I VTT 

is c^ 9 and by Subftitution wc have D =s ■ . 

'•+* -3'' 



Now h 
rrr^ 


= 13265 I 

•— 125000 


»oo6 


^ 


3'' = 


150) 7651 (51 
750 


=z>. 




150 

1000 
900 


f 



100 



r = jo 



To extras the Cobe Root 

r = 5o) 5i.oo6 = i> (i =#. 

+^= y_ 

Diviforsi 51 

006 Reinaiader n^gle<5led. 

'Now it was r=:5o 
Wc have found / = 'i 
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r -f * = 5 1 = the Cube Root of 13265 1, which 
being tried will be found to be true. 

And in the fame ^)Ianner the Cube Root of any other Num- 
ber 'may be extracted without repeating the Algebraic Work, 
when the Number aflumed for the Root is lefs than the trke 
Root : But when the Number afTumed for the Root is too much, 
or more than the true Root, then we proceed as in thejfollowing 
Example, in the fame Manner as at the fecond Cafe of Converging 
^eriesy Pa^ 235. 

Required to extract the Cube Root of 24389, ot a a a 

= 24389- 

9y the lifual Methdd the Root will iconfift of two Figures, 

the firft Period of the given Number is 24, and the Cube of 3 

being the neareft of whole Numbers to 24, and fupplying the 

other Place of the Root with a Cypber^ I fuppofe 30 to be the 

Cube Root of 24389, but the Cube of 30 is 27000, which 

being more than the given Number, the Cube Root cannot be 

fo much as 30, , 

Therefore let r = 30, which is now too great or mon thanjujt^ 
and what 30 is too much call /, then will r — ^ = ^7, or the 
true Cube Root required, and calling the given Number 
24389 = *, 

we have 



I I&* 3 
but 



Raife this Equation to the third Power 
as before. 

2 rrr — 3 r r ^-f. 3 r /^ + #^ / = ^ ^ ^ 

3 a a a — 24389 = ^, as ^ is put for the 
given Number. 

rrr — 3r rr + 3^/^ + ^^* = * 

Becaufe b is Itfs than rrry tranfpofe^ and rejeA the Powers 
of e^ above eg. 

rrr-^b — 3r r ^+3''^'=^®» for one 
Side of the Equation fub(lra£led from 
the other Side muA leave o, or mtbing. 

Then 



I '„ 
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Then tranrpofe all the Powers of ti to the other Sid« of liiA 
Equation. 



5 + 3rr* 

6 — 3r** 



l-i-Zr 



6 

7 



Dividing by the Co-eflEcient of e t^ 



re — ii^z 



rr — h 



As there will be another Divifion before the Operatioir h 
finifbed, to keep the Fradion as fimple as xoxj be, fuSftrtute 
rrr — i 



G=i 



3^ 



Then I gjr^ — ^# = G 



Now dividing by r — e^ that is, by the Cd-eflSciCht of i 
mnus /, 

9-j.r— ^[io|^ = -~, THEOREM Ih 



Operation, 



rrr:zz 27000 
— * = — 24389 



3r = 9o) 2619 (29.01 =G« 
i8o 

811 
810 



VI 1 



100 

90 



10 

r = 3o) 29.01 = G (i=:tf 
— I 



Divifor 29 29 



01 Remainder negle^ed^ • 



r = 30 



r — ^ r= 29 = tf, which being cubed will be found to be the 
true Cube Root of 24389. 

la 



"r-:r' — --" 
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In this Cafe the Quotient Figure is fubftra£ted from the Di- 
vilbr as it is found, the DiVifor at tb6 tenth Step being r -^ ^ 
whereas in Tbeonm i it was at the eighth Step r -{- ^* 

Now as the firft fuppofed Root muft be too great or too little^ 
unlefs it happens to be taken exad at the firft Time, therefore 
thefe two Tbiorems will extrad the Cube Root of any Number, 
as in the following Example. 

Now let it be required to extra£l the Cube Root of 14526.7S4 

From pointing the whole Numbers according to the ufual 
Method in Vulgar Arithmetic, the Root will cpnfift of two Places 
of Integers, the firft Period of the given Number being 14, and 
the Cube of the whole Number which is nearieft to 14 is 2 ; 
and fupplying the other Place of the Root with a Cypbery I fup- 
pofe the Root of the given Number to be 20, which is too little, 
or lifs than juft^ the Cube of 2 the firft Figure in the Root be- 
ing lefs than 14, the firft Period in the given Number, 

Then putting h-^z 14526.784 r =;= 20, ^nd e what 20 wants 

of the true koot, we procded as at Tbeorm i. Where i = — -- * 

and by Subftitution Dzz. • 

£=14526.784 
•*— rrrzz — 8000. 



3r=:6o) 6526.784 (108.78 nearefts:/). 
60 

526 

480 



467 

p, 420 



478 

r3:2o) 108.78 ?=D (4.44 =:#. 
+ ^= 4 
Divifi>r 24 96 



4,4 1278 



Divifor 28.4 1136 



•44 14200 



Divifor 28.44 7^376 

2824 
Ss 



The 
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The Reader will obferve that the Qjiotient F'^fu^ U added to 
the Divifor to compleat it» in the lame Mann^ at at the Mp> 
thod of Cttnurgitig StrUtf Page 230. 

Now r 3= ao 
-t-/ =s 4.44 

r-(./s24.44 and to try wfaedier tfan ft 4c traelKAOt of 
the given Number cube it. 

»4-44 
24.44 



9776 
9776 

4S88 

. 597-3136 
24.44 

■■ — 
23892544 
23892544 

23893^544 
11946272 

14598.344384 which being greater than the given Number^ 

the Root cannot be fo much aa 24.44 

To approach 6U1 nearer to the tnte Raet^ aiake a (econd 
Operation fup|;»fing the Namber hft fbnnd, viz, 24.44 to be r, 
and put / for what jthat Number is too moch* then r — e will 
be the true Root, and putting the givtn Number 14526.784 

G 

= *, we proceed as at ThsoremT.^ Hsliei? 'i±, ^ and by 

r r r — ^ 
Subftitution G = • 

rrr = 14598.344384 
— * = — 14526.784 

3 r = 73-3^) 71-560384 (.976 5= <?• 

65988 

557^3 
513H 

43998 
4399^ 



iitfi 



f*=24. 



^•' 



-To extract the Cdbe Root 31^?^ 

r =: 24.44) .9760 =S2 G (.04 =2 ^. 

>— # = ~ .04 
Divifor 24.40 9760 



Now r s 24.44 

— ^ = — .04 

r ^ # = 24.4 which being railed to the Cube, will be found 

the true Root of \^%^(i*ii^ 

Therefore by the fecond Operation the true Root is found. 

For a further viriety, let it be again required to extuft the 
Cube Root of the fame Number 14526.784 

But let us fuppofe the Cube Root to be 30, the Cube of 

"which being 27000, the Root cannot be fo niuch a9 30, then 

)>utting r = 30, we (hall have r too great or won than jufty 

and putting / what it is too much, then r — / will be the true 

Root, and calling the given Number 14526.784 = *, wc pn>- 

G 
cecd as at Theorem 2, where e = -;:;j-» ^^d by Subftitutiou 



GsT''^' 



S'- 



rrrzz 27000. 
3r = 90) I247^,2i6 (138.591 = &• 

347 
270 



773 
72a 



53* 

450 



821 
810 < 

116 
26 



■^•^ 



Pl 



Si 2 rsjo 
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r = 3o) 138.591 =s G (5.7 






Divifor 


as 

m 


1 25 


— 


5-7 


1359 


Divifor 


193 


1351 



8 



r = 3o. . , 

— « = — ■ 5 -7 

r — * = 24. 3 to try whether this is the Cube Ropt of 
^ 14526.784 cube 24.3 



24.3 
24-3 



729 
972 
486 



590.49 
24-3 



177147 
23619.6 

I I 8098 



14348.907 which being leg th»n the given Number 

14526.784 the Cube Root mufl be more 
than 24.3 

Now for a fecond Operation, and let r = 24.3 >i><l what it 
wants of the true Root call «, then will r -(. « be the true Root 
and ftill odling the givcB Number 14526.784=:^, we now 

proceed as at rhetrm i^ where t s= — -— , and bjr Subftitution 



1=: 



To cxtrad the Cube Root 317 

^=14526.784 

rrr = — 14348.907 
3r = 72.9) 177.877 (2.44 = 2). 

; 3207 

2916 



2917 
2916 



' r=r24.3) 1.440 (•1=^. 
Divifor 24.4 244 



r = 24.3 



r -|- ^ = 24.4 the true Root as before. 
In the fame Manner may the Cube Root of any other Num- 
ber be extraAed, and tho' the true Root cannot always be ex- 
aftly had, yet by repeating the Operation you may approach to it 
within any affignable Degree of ExaAnefs, and if a fmall miftakc 
happens in the firft it will be corrected at the fecond Op^fation. 



To t%tn&, the Biquadrate, or fourth Root. ^ 

THIS Operation proceeds in the fame Manner, only 
railing the r + ^ or r — ^ to the fourth Power, thus. 

Required the Biquadrate or fourth Root of 1 94481, or of 
00^0=194481. 

By placing a Point over the Place of XJtdiy^ and another over 
every fourth Figure, we fhall find the Root will confift of twb 
Figures : And the firft Period of the given Number being 19, 
now the Biquadrate or fourth Power of 2 l}eing 16, and that 
being the neareft in Integers, therefore fupplying the other 
Place of the Root with a Cypbiry we fuppofe 20 to be the Bi- 
quadrate Root of 19448 1 ; but the Biquadrate of 20 being only 
; 60000, the Root muft be more than 20. Now let r =: ;zo, 
and putting i for what 20 wants of the true Root, then will 
r-|-# = be the true Root required; and calling the given 
Number 194481 = ^9 then aaaaz^^ 

Now 



31* 



AIGE B kJ. 

Now I I I r + # s « 



Raife this Eqmtion to tbe fourth Fower, becaufe it is the Bi^ 
fuadrati Root that is tt> be extrafbd. 



I 6*4 

But 
* • 3 

j^mmmrr rr 



3 

4 



rrrf+4rrr#+6rrf^=:tftf«if, 

all llMl Powers of e above ^# being 

fejBCieu. 
aaaazzB^ h being put equal to the 

given Number. 
rrrr-|.4rrr#-|.6rr##=i. 
Becaufe rrrr is le&tbui^) tranfpofe 

rrrr. 

Dividing bf the Co^tfideMtof #f. 
2 r # . i — rrrr 

3 ^ 6rr . 



finiflKdj therefore as before^ fubftitute D r: 



As there will be another Divifion before the Operation is 

The. I ^\l^^i,azD. 

% r 
Now dividing bf — -H/j that is, the Co^efieieaft of # 






8 






ar 



+ f 



THEOkEMu 



Operation Jrs 194481 
«^ r r r r =: — 160000 



«rfMMM«i 



6rr5sa4O0) 34481 (14.367 = /)* 

/a40Q 

iOA8r 
9000 



<«i>*> 



8810 
7200 



16100 
14400 

17000 



2 r 



ar 



To extras tht Biq<udr»te Root. 34^ 

:»3-333 14-367 =Z> Ci.=s/. 
•^ I. 

«4.33 1433 



w^ 



37 Remainder neglcAcd. 






r + #=:2i=tf, which being raifel to ithe fourth Power^ 
lomid cp he the Bigmkati Jtoot of the given Number. 



And if we hirt take the £iA Roet too great, or more than 
ibi Tru^ theO^MBiatioa h the &me as raifiqg the fecond Tbienmf 
for the Cube Root. 

Suppofe a aaa=2 456976, to £nd the Biqmdratt Root. 

The Root being found to confift of two Figures as before, 
and the firft Period in the* given Number being 45, and the 
Sifuadrati of 3 being 81, fupplying the other Place of the 
Root with ^ Cypher^ let us fuppofe 3010 be the Root, but the 
Biquadrati of. 30 is 81 0000, which being more than 4569769 
the Root cannot be fo oiofib ^ y^ 

Then putting r =: 30, and e what 39 is loo much, we have 
r — #z=0 the Root required; and putting i^s 456976^ we 
then have aaa a=ii» 



Now 



1 A* 4 

But 

2 . 3 



2 

3 

4 



r — ^ = 4af 

Raifing thii Elation to the fourth 

Power as tdbre; and negleding the 

Powers of ^ aft>ove e e. 
rrrr — ^rrrt4^brri$z=:^iiaaa 

rrrr'-^^rrre-^brriizizb 



Becaule b is lefs than rrrf therefore tranfpofe b. 



4-* 



5 + 4rrr# 



rrrr — ? — 4rrr*-+-6rr//=:o, 
one Side of the Equation being Tub* 
ftraded from the other, muft leave 
nothings now tranlpofe the feveral 
Powers of ^. 

4rrr#s=:rrrr— i-4-6rr## 

6 — 
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ALGEBRA. 



6 — 6rr# 



7-r6rr 



8 



Divide by the Co-efficient of e €. 

or r 



2 r i 
3 



For the ikme Reafon as in tbe laft Operation, fubftitnte 

rrrr'^'^i 



G = 



brr 
Then 






10 



%r i 



— €e=,G. 



Now divide by —^ii that hf by the 

Co-effi^ent of i lift $• 

^= ^ THEOREMx, 
2 r 



Operation, 

rrrrzs: 810000 
— * = — 456976 



6rr = 5+oo) 3s 302+ (65.374 

32400 

29024 

27000 



= 0. 



20240 
16200 



m^ 



40400 
37800 

26000. 

2 1600 ' 
4400 



2r 



= 20.) 65.374 = G (4.08 = i. 
— 4 



Divifor 16. 64 



— 'O8 13740 
Dlvtfor 15.92 12736 

1004 



r = 30 



■I - -.». 



To extrad the Cube Root. 321; 

— -/ss^ 4.08 

r — # = 25.92 = 17, and to try if this is the true Root, 

raifc 25.92 to the fourth Power, 

25.92 
25.92 



5184 
23328 

12960 
5184 



t T *• 



671.8464 
67.1.8464 

26873856 
40310784 
26873856 

537477" 
6718464 

47029248 

403^0784 

45 1377.585 19296 which being lefs than the given Number 

4569769 the true Root muft be more 
than 25.92 

' Then for a (econd Operation, let r = 25.92 and for what it 
wants of the true Root put #, that now r4-^ = '> and fttll 
calling the given Number 456976 = by thb is exadly the fame 
Cafe as when we raifed the nrft Theorem for the Biquadrate 
Root, whence we have no occafion to repeat the Algebraic Work, 

but to uie the firft7l#0r/m whereas 9 and by Subfti- 

^r ' ' 

— + * 

3 

^^- T\ b '^rrr r 
dution />=: ^ 

or r 



7t l^ 
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i = 456976: 
~.rrrr = — 451377.5852 

6rr = 4031.0784) 5598.4148 (i,j888 = i>. 

40310784 



^f^^rtm^ 



156733640 
120932352 

358012880 
322486272 

355266080 
322486272 

32779808 

— =17.28) 1.3888=2) (.0?:=C 

-4- 08 



Divifor 1736 13888 



r = 25.92 
-|- # = .08 

r -f- / = 26. i:^ tf, which being invoked to die fourth 
Po^^er will be found to be the tiue ^iftaikati Root of 456974^. 

The Reader will eafiljr obferv# tbat ihcfii two TbHren^i will 
extrad the Biquadratt Root of tnj gvrni Nimber, in the fiuoe 
Manner as the two Thg^ems did for the Cube Root. 

In tb^ fame Method may Theorems be raifed to extradl any 
Root) it being no mor^ |ban to fuppofe a Number to be the re- 
quired Root, and try whether it is too great or too little ; then 
calling it r -f- ^» or r -«- / = /7, or the true Root as the occailon 
requires, and raife this Equation as hl^b as X^t Root reqiMres, 
after which the Manner of the Operation is the fame as before. ' 



To 
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To turn Equations into Analogies. 

77 Q U P PO S E there was given this Propoftibn a:B::c:J; 

O then multiplying Extreams and Means we have this E- 
quation a dz=:bc^ that as we get an Equation from Quantities 
in continual Proportion, by multiplying the Extreams and M^ans 
sind making one Produ^ equal to the other. HenCe to turn an 
Equation into an Analogy, is only the reverfe, by taking the 
Quantities that compofe one Side of the Equation, and making 
them the two Extreams, and the Quantities that compofe the 
other Side of the Equation, and making them the two Means in 
the Proportion. 

To turn the Equation ntdr=i%d into an Analogy. 

One Side of the Equation is compofed of the Quantities m 
and d. 

Andf the other Side of the Eqtiation h oompofed of the Quan- 
tities % and a. 

' That plarcing thefe Qoantitics according to the Dircflion, 
we have m:zi:a'*d ^ 

Of 4:%:: a :ik 
Qt z: d :: m:a 
Or z :m :: d la^ &c. 

For multiplyinfl; the Cxfreams and Means of either of thefe 
i'roportions, we mall Aill have the given Equation dm-zzza^ 

Again, fuppofe the Equation anzzihdxy and it is required to 
find the Ratio of a to h. 

Now one Side of the Equation is compofed of the Quantities 
a and n. . 

And the other Side of the Equatton is compofed of the Quan« 
tities b and dx. 

Bttt in ranging tbefe Quantities, take the given Quantities a 
and t the firft 9nd fecond Terms in the Proportion, and Place 
the other two Quantities that if the Extreams and Means were 
to be multiplied they would produce the given Equation, and 
then we (hall find a : b:: dx m: 

From the Equation dnyz=.bxzy to find the Proportion of 
d to b. 

Sy the Dire^lions we fhall find d\b:: xz'.ny. 

T t A From 



\ 
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From — ^pxd, to find the Proportion of tf to ^^ which 

h a:d::px: — for multipTymg Extreami and Means — 
zsiJpx. 
To find the Proportion of tf to a; from — = — • here 



h 



« : « •• 



• • 



* J 

To find the Proportion oi ab to d^ from ab or i ab^: dny. 
Here ab:d::ny : i, for multiplying Extreams and Means 
we have ab^ dny» 

78.1 fliall noWy for a Conclufion, endeavour to {how the Learner 
the Certainty of the Rules on which this Science is founded ; 
this I have purpofely omitted in the beginning of the Work^ 
imagining it in general to be an unreafonable Expedatton for a 
Learner to fee the Force of a Demonftration in this Science^ 
before he is acquainted with its Chaxaders and Language, 
and in 

SUBSTRACTION. 

I fay to fubflraA a negative Quantity from a pejiuve^ is only 
to change the Sign of the negative Quantity and add it to the 
pojitive Quantity, and this Sum will be the Remainder required. 
That is. 

If jr*'— jr is fubftraded from Ar-|-y, I fay the Reiifiainder is 
2>, for 

Suppofe I i\x -{-y znm 
And I 2 I 4r «— y = » 

Now if it can be proved that 2y is equal to the Difierence 
between m and ir, it follows that to fubflraA a negative Quantity 
is to change its Sign and add it. 

Now in the firft Equation for at, write nJ^y for thsit \% 
equal to x*. 

Then 



*•• 



Eqaations into Atialogks. 

Thcnl 4 



%H 



4 — »I s 



n -^ 2 y zzm 

2yzz.m — «. Q. E. D. 



I fay further, that to fubftradl: a negative Quantity from a 
tugative Quantity, b done by changing the Sign of the Quantity 
which is to be fubftraded, and then adding them by the Rule3 
in Addition^ which will be the Difference required. 



Suppofe 
And 



I 



x^^2 yznm 
X — j^ = n 



Now at thtf fecond Equation fuppofing the — y to become 
-f-y, then. — 2y-4*y=: — y; and if it can be proved that 
-r7y = m — », then to fubftraA a negative Quantity from a 
negative Quantity, is only to change its Sign and add it. 



2-l-y 

I • 3 

5— » 
That IS 



3 

4 

5 
6 



*• = »+> 

n -f-y -^ 2y 'HZ m 

y --^ 2y ziz m '^^ n 

— y z=Lm — /I. Q^ E. D. 



And that m — n is a negative Quantity is evident* for jr-— 2y 
cannot be fo great as x — y they being fuppofed positive Quan- 
tities, and therefore m cannot be fo great as if ; confequentJy 
»i »-rr- » is a ^negative Quantity, and therefore may be equal to 
-rry. And in 

MULTIPLICATION. 

I fay unlike Signs being multiplied gtvei — in the ProduA ; 
that is, — J X tf = — <y <y. 

To prove which, I take for granted the following 

LEMMA. 

That no Quantities coanefted by the Sign -|-* only, or by 
the Sign — only, can be equal to nothing. That is, it cannot 
be — J— -^ = 0, or a^-.i = o, though it niay be tf—*-^=p, 
or i-»tf=so. 

Now if poffibje, let -— 4r x tf produce a a where the Sign of 
the ProduA is affirmative. 



Ui 



3^6: 



A L O E B R Ji. 



Let I I m — tf =s o 

a aiozaj that it, evory .QuAAtky is equal 
to itfelf. 
. ^ • 3 ma^aaaxoa^ tliaf tf« iMidf-fna is 
equal to nothings which is againft the Limmaf thattfote ^^axa 
Cannot produce a a. 

But, I fay — lrxtf=s•*^|»^• 



I X 2 



Let 



I 

2 



+ tf=:-f-^9 fc' Any Qtantity is equal 
to itfelf. 
Iy2 3IM11 — tftfsiOtf, that is^ xfl /I -^ tf tf is 
equal to nothings whence ma^^aa, Norw that ma^taaa W 
^idenf, for m^^az^Ot therefore M = ^, and muhipiyira by 
a we iiave ma^=staai cofffequefitly -^axii:sz^^aa. Q^E. D« 
I fay further, that like Signs tho' — - being multiplied, produce 
+ in the Produd. That is, m^gx^^a prodacea a a and not 
— ^47, for 

Let 1 t \ m — tf =i o 

— tf :n -^ u, every nigathe Quantity 
being equal (o itfelf. 



t 

2 



Now, if poflible, let — <r x — tf produce ^^aa. Then 



1 X 2 I 3 I — ma — tf tf=:-«-o^, that is, ^-^mih-^ad 
is equal to mtbing, which is againft the Lemma^ fherefcre 
.— fix — <i cannot produce — a Oj but the Sign muft be -f* or 
affirmative^ which may be further pn)ved thus. 



Let 



1x2 



I 

2 

3 



m — > tf =z a 

_ ,, -- ^ — «i4i+iitf=20^, that is, ^p^mtf-f'tf^i 
is equal to nothings from whence mazzLaa. And that maz=,aa 
is evident, for m — ^ = 0, therefore m^^ay aiid multiplying by ' 
tf, we have maz^aa. Hence — ^ x — a -=10 a. Q. E. D. 

DIVISION. 

As unlike Signs in Multiplication produce — in the Product, 
1 fay that, 

' In Diviflon, unlike Signs beiiig divided gives — - in the Quo* 
tienr, that is, M ah — ^ ^ = o, and both Sides of the Equation 
be divided by b^ I fay the Quotient will be 17— -i and not tf -|-A. 
Suppofing unlike Signs to give + in the Quotient* 

If 



Equations itito Analogies. 



If 

Let 



I 

2 
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<? + *=^ yt ttetis, ^4-* is equal to 

notbingp which 19 againfl the J^emma^ therefore an Abfurdky fol- 
lo\vs the Suppofition, ths^t uniik^ Signs give -4* in the Quotient ; 
bMt I fajr unlSke Signs give -^ in the Quotient. 



Let 



I r^2 



I 
2 



^— *^:f= — , that i^ a — i is equal ta 



nothings whence == i, and that a = ^ is thus proved. 



1+^*1 4 
4-T-M S 



tf = *. Q. E. D. 



I fay further, that like Signs befaig divided, though they are 
negative J give -f* in tJie Qooticnt, that is^ ab-^-f^bb divided by 

— ^, the Quotient is — ^-{-^ ^^^ ^^^ -""^ — b. 

If UM fiignt though «r. give •««-* in the Qji^ttenf i then 

Let I ^ b — bbzzo 

i-r2 3 —«—*=—; thgt is, — tf_i ig 

equal to nothings which is againft the Lemma^ therefore an Ah- 
furdity follows the Suppofition, that like Signs though — - give — • 
in the Quotient. 

But, I fay ab — bb divided by — i, the Quotient 19 

— tf -f ^» ^l^*t "1 liJ^c S*g^« though — give + in the Quo- 
tient. For , 



Let 



1-5-2 



I 
2 



a b "^ b b :=iO 



\ 



— a^+bzz y, that is, ^^a + b is 

equal to notbing^ whence ^ = if^ and that bz=.a is evident^ 
•thus. 



i+bb 
4-7-* 



4 
5 



abz=zbb 
azzb. Q;E. D. 



By 



